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NON-ANDROGEN DEPENDENT ROLES FOR ANDROGEN RECEPTOR AND NON- 
ANDROGEN RELATED INHIBITORS OF ANDROGEN RECEPTOR 

I. ACKNOWLEDGEMENTS 

1 . This invention was made with government support under federal grants DK60905 
and DK60948 awarded by the NIH and Army grants DAMD17-02-1-0557 and NY-CO17047. 
The Government has certain rights to this invention. 

IL BACKGROUND OF THE INVENTION 

2. Androgen receptor (AR) is a member of the steroid hormone superfamily of nuclear 
receptors. Androgen receptor has been implicated in many cancers in an androgen dependent 
way. Disclosed herein androgen receptor is also involved in the development of breast tissue 
and in the progression of breast cancers in androgen independent ways. Furthermore, while 
antiandrogens, such as hydroxyflutamide have been used to treat AR dependent cancers for many 
years, disclosed are molecules that inhibit AR activity, particularly androgen independent AR 
activity. The disclosed molecules and their interactions between androgen receptor, as well as 
the information that androgen receptor can have effects in proliferation of cancers through a non- 
androgen mechanism provide for methods of identifying compositions which modulate or mimic 
this activity, as well as methods of modulating AR activity itself. 

in. SUMMARY OF THE INVENTION 

3. In accordance with the purposes of this invention, as embodied and broadly described 
herein, this invention, in one aspect, relates to compositions and methods related to androgen 
receptor and methods of inhibiting cancer. 

4. It is to be understood that both the foregoing general description and the following 
detailed description are exemplary and explanatory only and are not restrictive of the invention, 
as claimed. 

IV. BRIEF DESCRIPTION OF THE DRAWINGS 

5. The accompanying drawings, which are incorporated in and constitute a part of this 
specification, illustrate several embodiments of the invention and together with the description, 
serve to explain the principles of the invention. 

6. Figure 1 shows the generation and characterization of immature female AR"'" mice. 
Figure 1 A shows gene targeting strategies. To generate female AR"'" mice, a Cre-lox strategy for 
conditional knockout is applied. The Cre-lox system utilizes the expression of PI phage Cre 
recombinase (Cre) to catalyze the excision of DNA located between flanking lox sites. Figure 1 B 
shows the breeding strategy of female AR"'" mice and genotyping of female AR-/- mice. Using 
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the Cre-lox strategy, the targeted exon 2 of AR is not disrupted but floxed in the male mice. 
Thus the AR functions normally in male mice, which can be bred with female AR*'" ACTB Cre'^ 
mice and generate homozygous female AR''' mice. For examining the X chromosome with 
floxed AR, primer "select" and primer "2-3" are used. "Select" is located in the intron 1 with 
5 sequence: 5 '-GTTGATACCTTAACCTCTGC-3 '. "2-3" is the 3' end primer which is located in 
the exon 2 with the sequence 5'-TTCAGCGGCTCTTTTGAAG-3'. This pair of primers will 
amplify a product with 444 bp for floxed AR, 410 bp for wtAR. For examining the ARknockout 
(ARKO) locus, primer "select" and "2-9" were used. "2-9" is located in intron 2 with sequence: 
5'-CCTACATGTACTGTGAGAGG-3'. The PGR product size from this pair of primers would 

10 be 238 bp for ARKO allele and 580 bp for wt AR allele. The expression of Cre and internal 

control IL-2 were also confirmed by PGR genotyping. Figure IC shows the defects in the ductal 
development of mammary gland in immature female AR"'' mice. Whole breast mounts from 4- 
wk-old female AR''' mice show lessened extension of mammary ducts, as compared with age- 
matched AR*'* mice. Figure ID shows the decrease in the percentage of BrdU-positive staining 

15 (brown color) are observed in both 4- and 6-wk-old mice. Figure IE shows statistic results of the 
distance of ducmal extension indicate the retarded growth of mammary glands in female AR"'" 
mice (left panel). Statistic results of BrdU signal (right panel) (n=5 for each group). Figure IF 
shows the number of Cap cells (indicated as arrows) in TEB of AR"'" mice is less than that in the 
AR mice. 

20 7. Figure 2 shows that AR"'" manimary glands show the defects of the terminal 

branching and alveologenesis during maturity and pregnancy. Whole breast mounts from 8-, 1 6-, 
20-wk-old mature and 8-wk-old pregnant AR*'* and AR^' female were examined. In (A-C) Note 
less secondary and tertiary terminal branching in AR^' mice, compared with AR*'* mice. Also, 
the ductal spaces are reduced in AR"'" mammary glands. Figure 2C shows early degeneration 

25 occurs in AR^" mammary glands at 20-wk-old mice. Figure 2D shows the decreased milk 

producing lobuloalveolar development in the 8-wk-old pregnant AR"^" mice. Figure 2E shows 
that using H & E staining, the results indicate that the shrunken ductal space occurs in some AR' 
'" mammary glands in 16- to 20-wk-old mice (n=4 for each group). 

8. Figure 3 shows the reduced MAPK activity and mRNA expression of IGF-IR, HGF, 

30 and Efp in AR"'" mammary glands. Figures 3A and 3B shows that reduced MAPK activities (a- 
phospho-MAPK (p), brown color) were observed in AR"'" mammary glands of 6-wk-old and 4- 
wk-old mice (results from 6-wk-old mice were shown as representative). Figure 3 A represents 
ductual structure, the positive MAPK stainings are mainly located on luminal epithelial cells; (B) 



represents lobule part. Figure 3C shows the mRNA expression of IGF-IR, but not IGF-I, is 
reduced in AR''' mice. Total RNA was extracted from 4-wk-old AR+/+ and AR-/-mice and 
quantitated by real-time RT-PCR. Cyclin Dl, a proliferation indicator, is also reduced in 
mammary gland of female AR''' mice. Figure 3D shows the mRNA expressions of two ER target 
5 genes, HGF and Efp, are reduced in AR''' mice. Total RNA was extracted from 5-wk-old AR*'* 
and AR''" mice injected with E2 (n=5 for each group). 

9. Figure 4 shows targeted deletion of AR gene in MCF7 cells results in severe defects 
in cell proliferation and colony formation. Figure 4A shows the schematic diagram of the 
strategy of targeting AR genes in MCF7 cells. Figure 4B shows genotyping by Southern blot 

10 analysis. Genomic DNA extracted from neomycin-resistant clones was digested with Xbal The 
untargeted and targeted loci produced approximately 9.0-kb and 3.5-kb bands, respectively. 
Figure 4C shows the AR protein is ablated in AR"'" MCF7 cells. Figure 4D shows the ligand- 
activated transcriptional activity of AR is reduced in AR^'" MCF7 cells and abrogated in AR"'" 
MCF7 cells, compared with AR^'^ MCF7 cells. Figure 4E shows the proliferation of AR"'' MCF7 

15 cells is reduced in medium containing 10% normal serum (left panel) or 10% CDS serum with 
ethanol (e) or 10''° E2 (right panel), compared with AR^"^ MCF7 cells, using MTT proliferation 
assay. Figure 4F shows the soft-agar colony formation capacity of AR"'" MCF7 cells is reduced, 
compared with AR"""" MCF7 cells. 

10. Figure 5 shows AR is essential for growth factor and estrogen signaling pathway. 
20 Figure 5A shows that growth factor-induced cell proliferation is impaired in AR''' MCF7 cells, 

compared with AR^'^ MCF7 cells. Cultures were incubated with 0.2% serum-containing RPMI 
media treated with or without growth factors for 8 days. Figure 5B shows the steady-state level 
of the active form of MARK is lower in AR^" MCF7 cells than that in AR*'* MCF7 cells, when 
cells were cultured in 1% HI-FBS-containing medium for 5 days (left panel). Growth factor- 

25 induced transcriptional activity of GAL4-Elkl is diminished in AR''' MCF7 cells (right upper 
panel) and in AR*'* MCF7 cells transfected with AR siRNA (right bottom panel). Figure 5C 
shows the reduced MAPK activity can be restored by np-AR which expresses AR driven by 
natural AR promoter, np-AR can synergistically enhance EGF-induced GAL4-Elkl 
transactivation. Figure 5D shows the AR-FL-activated GAL4-Elkl transactivation can be 

30 inhibited by a MAPK phosphatase (CL-100), a specific inhibitor U0126, dominant-negative Ras 
(Ras-DN,) or Raf (Raf-DN). AR-FL, full-length wt AR. Figure 5E shows the transcriptional 
activity of ER is reduced in AR^' MCF7 cells, compared with AR*'* MCF7 cells. Figure 5F 
shows that the reduced ER activity in AR''' MCF7 cells can be restored by np-AR. pG5-luc and 
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ERE-Luc were the reporters for GAL4-Elkl and ER, respectively. 5ng pRL-TK per well was 
used for internal control. Transfections were performed using SuperFect (Qiagen) according to 
manufacturer. Values represented are mean ± S.D. from at least four independent experiments. 

1 1 . Figure 6 shows the N-terminus/DBD of AR are required for normal MAPK 

5 activation, and an AR mutant (R608K) is associated with the excessive activation of MAPK. 
Figure 6A shows that reintroducing AR can enhance the reduced activation of MAPK in AR"'" 
MCF7 cells. The N-terminus together with the DBD, but not N, DBD, LBD, or LBD-dH12 
alone, are required for activating MAPK, using a transient transfection assay (middle panel) and 
a Western blot (bottom panel) with anti-phospho-MAPK and anti-MAPK antibodies. All of the 

10 sequences were FLAG-tagged and constructed into pCDNA3 vector (top panel, Invitrogen). V, 
vector alone; dH4-12, AR with deletion from helix 4 to helix 12. Figure 6B shows that AR- 
R608K-induced GAL4-Elkl transactivation is higher than AR-FL. AR-R614H-dprm, containing 
a point mutation (R614H) and a deletion of proline-rich motif (dprm), has lost the ability to 
activate MAPK, while AR-R614H or AR-dprm still partially retains MAPK activation capacity. 

15 pG5-luc was the reporter for GAL4-Elkl. 5ng pRL-TK per well was used for internal control. 
Transfections were performed using SuperFect (Qiagen) according to manufacturer. Values 
represented are mean ± S.D. from at least four independent experiments. Figure 6C shows the 
proposed molecular mechanisms. The AR abrogation in mammary glands or mammary cancer 
cells retards the growth or development via the impairments of the growth factor and ER 

20 signaling pathways. The reduced ER activity, as demonstrated by the decreased target gene 

expression (Efp and HGF), may partly result from the impairment of the grow^ factors/MAPK 
signaling pathway. The reduced PR activity may be due to the reduction of ER activity and/or the 
serum level of progesterone (P) after puberty but not before puberty (asterisk). The decreased 
cyclin Dl expression may be caused by the impairments of both the growth factor/MAPK and 

25 ER signaling pathways. Taken together, these impaired signals may contribute to the 

developmental defects in mouse mammary glands of AR"'" mice and in breast cancer AR''" MCF7 
cells. 

12. Figure 7 shows the identification of ARA67 as ARN interacting protein using 
CytoTrap Sos system. Figure 7 (A) shows a model of CytoTrap Sos system screening strategy: 

30 target protein (ARA67) is anchored to cell membrane; hSos frised with bait protein (ARN) is 
recruited to the membrane through target-bait interaction, activating the Ras-signaling pathway 
by promoting GDP/GTP exchange; Ras activates the signaling cascade that permits mutant yeast 
cdc25H to grow at the restrictive temperature of 37°C. Figure 7 (B) shows the interaction of 
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ARN and ARA67 in yeast. cdc25H yeast cells were co-transformed with different combinations 
of expression constructs and plated on different SD/Glu (-LU) plates. After the colonies 
appeared on plates incubated at a permissive temperature of 25°C, 12 colonies of each 
transformants were picked and spotted on SD/Gal (-LU) and SD/Glu (-LU) plates for interaction 
5 tests. In section 1, yeast cells were co-transformed with pSos vector and pMyr-ARA67 (control 
to eliminate the false positive clones); section 2, co-transformed with pSos-ARN and pMyr- 
ARA67; section 3, co-transformed with pSos-MAFB and pMyr-MAFB (positive control). 

13. Figure 8 shows the distribution of ARA67 mRNA in human tissues and multiple cell 
. lines. Figure 8 (A) shows the Human MTN Blot (Clontech) was hybridized with a ^^P-labeled 
10 cDNA probe covering amino acid residues 8-140 of ARA67, and subsequently probed with p- 
actin. Three transcripts were detected, corresponding to the sizes of 2.5kb, 4.4kb and 7.5kb. 
Figure 8 (B) shows the total RNA from 13 cell lines (as indicated) were used to prepare the 
membrane. 1 8S RNA was used as RNA loading control. The membrane was hybridized with ^^P- 
labeled probe as above. 

15 14. Figure 9 shows ARA67 and AR interact in vitro and in vivo. Figure 9 (A) shows 

mammalian two-hybrid assay. 0.5 /xg of each pM, pVP16, pVP16-ARN, and pVP16-ARA67 
were co-transformed into HI 299 cells in combinations as shown. Luciferase activity of the 
reporter, 0.5 ^g pG5-Luc, was normalized by the luciferase activity of 5 ng internal control, 
pRL-TK, expressed as fold increase over control. The relative reporter gene activity was 

20 compared by setting the luciferase activity of vector alone group as 1 . Figure 9 (B) shows 
purified GST control protein and GST-ARA67 fusion protein were incubated with 5 /il 
[■'^Slmethionine-labeled AR, ARN, ARDBD and ARLBD in the presence and absence of 10 /tM 
DHT. Pulled-down proteins were separated on SDS-PAGE and visualized by autoradiography. 
Figure 9 (C) shows COS-1 cells were co-transfected with 1.5 /tg pCMV-AR and 9.0 /tg pKH3- 

25 ARA67 or pKH3 vector. After transfection cells were treated with or without 10 nM DHT for 24 
h before harvesting. 500 fig total cell lysate proteins from each samples were 
immunoprecipitated with anti-AR antibody for Western blot analysis with anti-AR and anti-HA 
antibody (Roche). 

15. Figure 10 shows ARA67 suppresses AR transactivation. Figure 10 (A) shows 100 ng 
30 pSG5-AR in combination with different doses of pSG5-ARA67 (as shown in figure) and/or 
pSG5 vector were transfected into H1299 cells together with 500 ng of MMTV-Luc or ARE4- 
Luc as reporter and 2 ng of pRL-SV40 as internal control. After transfection, cells were treated 
with or without 10 nM DHT for 20-24 h. Figure 10 (B) shows pSG5-AR, pSG5-ARA70 and 

5 



pSG5-ARA67 were co-transfected in different combinations as shown into HI 299 cells. After 
transfection, cells were treated with or without 10 nM DHT for 24 h, and then assayed for 
luciferase activity. 500 ng PSA-Luc or ARE4-Luc was used as reporter, internal control was the 
same as above. Figure 10 (C) shows LNCap cells were transfected with or without 6.0 ng pSG5- 
5 ARA67 (as shown) in a 100 mm cell culture dish using SuperFect tranfection kit (Clontech). 50 
^lg total cell lysate proteins from each sample were loaded to gel and Western blotted for AR, 
PSA and P-actin. Figure 10 (D) shows 100 ng pSG5-AR, pSG5-GR, and pSG5-ER were co- 
transfected with 500 ng pSG5-ARA67 or pSG5 vector, respectively (as shown). 500 ng MMTV- 
Luc was used as reporter for both AR and GR, and 500 ng ERE-Luc was used as reporter for ER. 
10 Each receptor group was treated with or without their cognate ligands as shown for 24 h, and 
then assayed for luciferase activity. 2 ng of pRL-SV40 was used as internal control. 

16. Figure 1 1 shows the interaction domains between ARA67 and AR and their influence 
on AR transactivation. Figure 1 1 (A) shows GST only and GST-lused ARN fragments (as 
shown) were incubated with [^^SJmethionine-labeled ARA67. [^'S]methionine-labeled ARN (B) 

15 and AR LBD (C) were incubated with GST only and GST-fused ARA67 fragments (as shown). 
GST pull-down assays were performed as described. Figure 1 1 (D) shows HI 299 cells were 
transfected with ICQ ng of pSG5-AR in combination of 600 ng of other plasmid constructs (as 
shown). 300 ng of MMTV-luc was used as reporter and 3 ng of pRL-TK as internal control. 

17. Figure 1 2 shows ARA67 influences AR N/C interaction and AR protein level. Figure 
20 12 (A) shows COS-1 cells were transfected with different plasmid constructs in a combination 

shown in the figure and treated with or without 10 nM DHT. DNA of pSG5-ARA67 and pSG5- 
SRC-1 were co-transfected with AR N/C interaction pair (VP16-ARN and Gal4-ARDL) in a 
ratio of 4 to 3. The assays were carried out as described in mammalian two-hybrid assay. Figure 
12 (B) shows HI 299 cells were co-transfected with pSG5-AR and pKH3-ARA67 orpKH3 
25 vector in a ratio of 1 to 6. Cells were treated with or without 10 nM DHT for 24 h before 

harvesting. 40 jig of proteins from total cell lysate from each sample were loaded to the gel and 
Western blotted for AR, ARA67 (anti-HA), and P-actin. 

18. Figure 13 shows Histone deacetylase (HDAc) activity is not involved in ARA67 
mediated suppression effect on AR. COS-1 cells were transfected with pSG5-AR in combination 

30 of 6 fold of pSG5-ARA67 or pSG5 vector. Cells were then treated with DHT and TSA as 
indicated in the figure. Luciferase activities of reporter MMT-Luc were assayed as described 
above. 
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19. Figure 14 shows ARA67 influences the subcellular distribution of AR. Figure 14 (A) 
shows COS-1 cells were transfected with pCMV-AR in combination of 6 fold of pcDNA4- 
ARA67 or pcDNA4 vector. Immunofluorescence staining was performed as described. 
Arrowheads point out the cells where the AR was prevented from entering the nuclei. Figure 14 

5 (B) shows COS-1 cells were transfected with pSG5-AR in combination of 6 fold pSG5-ARA67 
or pSG5 vector, and then treated with or without 10 nM for 16-20 h. Subcellular fractionation of 
cells were performed as described followed by Western blotting for AR and B-actin. 

20. Figure 15 shows the expression and activity of GSKSjS. Several cell lines were 
incubated with 5% FBS for 24 h. Total amount of GSK3j8 in 50 gg cell lysate was subjected to 

10 immunoblot emalysis using anti-GSK3/3 antibody (top panel). Inactive form of GSK3j3 was 
detected by specific anti-phospho-GSK3p antibody (bottom panel). GSK3j8 is constitutively 
active in PC-3 and DU145 cells while its activity is inhibited in LNCaP and COS-1 cells. 

21. Figure 16 shows the effect of GSK3/3 on androgen receptor transcriptional activity. 
Figure 16 (A) shows the expression of GSK3/3, but not the kinase-mutant GSK3/3, suppressed 

15 AR transactivation in COS-1 cells. AR-negative COS-1 cells were transiently transfected using 
SuperFect transfection reagent (QIAGEN) with 3 gg p (ARE) 4-1 uc reporter plasmid, 100 ng 
pRLtk-luc as an internal control, 1 pg ofAR pSGS-AR expression plasmid, and 6 pg wild type, 
S9A, or kinase-mutant GSK3/3 expression plasmids as indicated. The total amount o:^lasmids 
was adjusted to 10 fag with vector plasmids. Transfected cells were induced with 10 nM DHT for 

20 1 8 h before the luciferase activities were measured. Luciferase activity was analyzed following 
manufacturer's instructions (Promega). The results are shown as mean ±S.D. of three 
independent experiments. Figure 16 (B) shows the overexpression of GSK3i8 inhibits AR 
transcriptional activity in a dose-dependent manner. COS-1 cells were transfected with 
increasing amounts of wild type GSK3j3 expression plasmids as indicated. Experiments were 

25 performed and analyzed as described in A using MMTVoLuc instead of p (ARE)4-luc reporter. 
The results are shown as mean ±S.D. of three independent experiments. C. Overexpression of 
GSK3j8 has no effect on human GR transcriptional activity. Experiments were performed and 
analyzed as described in B. D. LiCl, a specific inhibitor of GSK3j3, enhances AR transactivation 
in PC-3 cells in the absence of DHT. Experiments were performed and analyzed as described in 

30 A. 

22. Figure 17 shows the suppression of AR transactivation and PSA expression by GSK- 
3/3 in LNCaP cells. Figure 1 7 (A) shows the LNCaP cells were transfected with wild type 
GSK3/3 for 3 h, followed by dihydroxytestosterone (DHT) treatment for 1 8 h. Transactivation 



7 



was measured by Luciferase activity using MMTV-Luc as a reporter. The data are means ±S.D. 
from three independent experiments. Figure 17 (B) shows overexpression of GSK3j8 represses 
PSA promoter activity. Experiments were performed and analyzed as described in A using PSA- 
luc instead of MMTV-luc reporter. Figure 17 (C) shows inhibition of AR target gene PSA 
5 expression by GSKSp. LNCaP cells were transfected with wild type GSK-3 or vector. The cells 
were treated with ethanol or 10 nM DHT for 1 8 h. Total RNA was isolated and PSA mRNA 
level was monitored by Northern blot assay. 

23. Figure 18 shows the phosphorylation of AR-N and suppression of AF-1 by GSK3/3. 
Figure 1 8 (A) shows that for the in vitro kinase assays, the kinasebuffer contains 25 mM 

10 HEPES/pH 7.4, 10 mM MgC12, and 1 mM dithiothreitol. Purified GSK3/3 was obtained from 
Upstate Biotechnology. The kinase reactions were performed for 30 min at 30 °C in the presence 
of 10 nCi [-^^P]ATP, and 10 ATP. The reactions were terminated by addition of4x SDS 
sample buffer. The samples were boiled and loaded on 20% SDS-polyacrylamide gel 
electrophoresis gels followed by autoradiogram. Figure 18 (B) shows COS-1 cells were 

15 transfected with the indicated plasmids and pG5-Luc reporter. Transfected cells were cultured 
for 24 h before the luciferase activities were measured. The data are means ±S.D. from three 
independent experiments. 

24. Figure 19 shows GSK3/3 interacts with AR in vitro and in vivo. Figure 19 (A) shows 
GST and GST fiised GSK3j8 were expressed in E. coli. and purified by Glutathione-Sepharose 

20 4B beads as instructed by manufacturer (Amersham Pharmacia). 5 \i\ of in vitro-translated 

j85S]-labeled AR was incubated with the GST or GST- GSK3i8 bound to glutathione-Sepharose 
beads in a pull-down assay. After extensive washing, bead-bound protein complexes were loaded 
onto 8% SDS-PAGE and analyzed by Phosphorlmager. The input represents 20% amount of 
[^^S]-labeled proteins used in each pull-down assay. Figure 19 (B) shows COS-1 cells plated on 

25 100-mm dishes were transfected with pSG5-AR and pCMV-GSK3/3-HA for 24 hours. COS-1 
cells were solubilized in RIPA buffer containing 0.5% NP-40 and protease inhibitors, 
hnmunoprecipitation was performed using mouse HA antibody (1 : 1000) or normal mouse IgG 
(N-IgG) and then analyzed by Western blot with anti-AR NH27 (1 : 1000) or anti-GSK3/3 
(1 : 1000) antibodies, followed by incubation with AP conjugate goat anti-rabbit or rabbit anti- 

30 mouse IgM antibodies, and visualized with AP conjugate kit (Bio-Rad). Figure 1 9 (C) shows 

that 500 jxg of total proteins from LNCaP cells were immunoprecipitated with normal rabbit IgG 
or rabbit anti-AR NH27, and the immunoprecipitates were subjected to a Western blot analysis 
using the antibody for GSKBjS and the NH27 for AR. 
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25. Figure 20 shows that stably transfected GSK3|8 inhibits prostate cancer CWR22R cell 
growth. Figure 20 (A) shows Myc-tagged S9A-GSK3/3 or the inducible vector, pBig, was stably 
transfected into prostate cancer CWR22R cells. CWR22R-S9A-GSK3jS and CWR22R-pBig 
cells were cultured in 5% FBS for 24 hr and followed by doxycycline treatment for 16 hr. Whole 
5 cell lysates were subjected to immunoblot analysis using anti-GSK3jS antibody. Figure 20 (B) 
shows CWR22R-pBig or CWR22R-S9A-GSK3/3 cells were transfected with MMTV-Luc and 
pRLtk-Luc for 3 h, followed by DHT treatment for 1 8 h. Transactivation was measured by 
Luciferase activity as described in Material and Methods. Figure 20 (C) shows growth assays 
were performed by the MTT method as instructed by the manufacturer (Sigma). 5x10^ CAArR22- 
10 S9A-GSK3j8 and CWR22-pBig cells were seeded in 24-well plates and incubated in RPMI with 
5% charcoal-dextran-treated fetal bovine serum for 48 h. Cells were then treated with ethanol, 10 
nM DHT, and/or 2 |ag/ml doxycycline as indicated. After 5 days of treatments, cells were 
harvested for an MTT assay. Values are the means ±S.D. of ARA70 from three independent 
wells of cells. 

15 26. Figure 21 shows the effect of GSK3/3 on the interaction between AR and ARA70. 

Figure 21 (A) shows GSK3/3 does not change AR protein amount. COS-1 cells were transfected 
with wild type GSK3/3 or mock vector as indicated. After 24 h transfection, 50 \ig whole-cell 
extract was immunoblotted with AR antibody (NH27). Figure 21 (B) shows modulation of 
interaction between AR and ARA70 by GSK3/3. The COS-1 cells were transfected with GAL4- 

20 ARA70 and VP 16-AR. The interaction between AR and ARA70 was determined by Luciferase 
assay by using pG5-Luc as a reporter. 

27. Figure 22 shows a simplified model for the roles of GSK3j8 in AR-mediated target 
genes transactivation. 

28. Figure 23 shows the isolation of hRad9 as an AR coregulator by yeast two-hybrid 
25 assay. Figure 23 (A) shows GAL4-DBD-AR-DBD-LBD fusion was used as bait. Figure 23 (B) 

shows the structures of the human Rad9 and hRad9 fusion protein isolated from yeast screening. 
Figure 23 (C) shows AH 109 yeast cells were transformed with GAL4-DBD-AR-DBD-LBD and 
GAL4-AD frised with hRad9 (aa 327-391). Liquid P-gal assay was performed as described 
previously. 

30 29. Figure 24 shows liRad9 expression in human prostate. Figure 24 (A) shows a human 

multiple tissue Northern blot (Clontech) containing 2 jag poly (A+) mRNA from the indicated 
tissues was hybridized with [^■^P]-labeled probes corresponding to hRad9 (top panel) and p-actin 
(bottom panel). Figure 24 (B) shows the expression of hRad9 proteins in prostate cancer cells. 



Equal amounts of (30 jig) of proteins from the indicated cell lines were analyzed by 
immunoblotting with anti-hRad9. Figure 24 (C) shows total RNA was isolated from clinical 
prostatic carcinoma. Sections of tumors and normal tissues were confirmed by hematoxylin and 
eosin staining. After cDNA synthesis, real time quantitative PCR was performed to analyze the 
5 hRad9 amount in tumor or normal tissues. 

30. Figure 25 shows that hRad9 interacts with AR in mammalian cells. Figure 25 (A) 
shows the interaction between AR and the hRad9 C-terminus using mammalian two-hybrid 
assays. PC-3 cells were transiently transfected with 0.4 \ig reporter plasmid pG4-LUC, and 0.3 
fig GAL4-DBD fused hRad9 constructs as indicated (upper), with or without 0.3 ^g of VP 16 

10 fused AR (VP16-AR) as indicated. After 24 h 10 nM DHT treatment, the cells were harvested 
for LUC assay. Figure 25 (B) shows the interaction between fiill length of hRad9 and AR is 
reduced by HF. PC-3 cells were transfected with a DNA mixture containing pG4-LUC, VP16- 
AR, and pCMX-GAL4-hRad9, as described in Figure 25 A. PC-3 cells were incubated with 10"^ 
M HF 1 h prior to 10'^ M DHT treatment. Luciferase activities were measured after another 24 h 

15 of incubation. Figure 25 (C) shows 293T cells that overexpressed AR and Flag-hRad9 were 
treated with or without DHT. Cell extracts were immunoprecipitated with anti-Flag antibody 
followed by immunoblotting with antibody to AR. Figure 25 (D) shows CWR22R cells were 
prepared and immunoprecipitations were performed with the use of antibody to AR, followed by 
immunoblotting with antibody to hRad9. 

20 31. Figure 26 shows the mapping of the domains of AR that are responsible for hRad9 

interaction. Figure 26 (A) shows AH 109 yeast cells were transformed with GAL4-DBD fused 
with various AR domains and GAL4-AD fused with hRad9 (aa 327-391). Liquid P-gal assays 
were performed as described in Figure 23 A. Figure 26 (B) shows A series of ^^S-labeled mtARs 
were incubated with purified GST-hRad9 or GST alone in the presence (closed bars) or absence 

25 (open bars) of 1 DHT. The results indicated AR LBD mediates the interaction with hRad9. 

32. Figure 27 shows that the FXXLF motif in hRad9 mediates the AR-hRad9 interaction. 
Figure 27 (A) shows mutants of hRad9 were constructed using the QuikChange kit. Mammalian 
two-hybrid assays were performed with PC-3 cells using 0.3 ng GAL4-f-hRad9 coding for the 
GAL4 DNA binding domain fused to the fragment of hRad9 isolated from yeast containing 

30 residues 327-391 with wild-type (WT) or the indicated mutant sequences. GAL4-f-hRad9 was 
cotransfected with the 0.4|ag pG4LUC reporter vector and 0.3fxg VP16-AR containing the 
residues 37 to 919. Assays were performed with PC-3 cells in the presence or absence of 10 nM 
DHT. Figure 27 (B) shows full length of hRad9, WT or indicated mutants were fused with 



GAL4-DBD and used in mammalian two-hybrid assays as described in Figure 27A. Figure 27 
(C) shows mammaHan two-hybrid assays were performed with PC-3 cells by coexpressing 
GAL4-hRad9 peptides containing the GAL4 DNA binding domain (GAL4-DBD) and the 
indicated hRad9 FXXLF motif. 
5 33. Figure 28 shows that hRad9 suppresses AR transcriptional activity. Figure 28 (A) 

shows PC-3 cells were co-transfected with 100 ng pCMV-AR, pCDNA3-Flag vectors expressing 
wild type of hRadP (WT-hRad9) or mutant of hRad9 (FXXAA-hRad9) as indicated, and 
MMTV-LUC reporter vector using SuperFect. phRL-tk-LUC expression vector was used as a 
control for transfection efficiency. Cells were treated with EtOH or DHT and then lysed for LUC 

10 activities. The MMTV-LUC reporter activity from was normalized by control LUC activity. The 
LUC activity relative to lane 1 was calculated, and results shown here are the mean of ±S.D, of 
three independent experiments. Figure 28 (B) shows CWR22R cells were transfected with 
indicated RNAi plasmids targeting hRad9 by electroporation. Two days after transfection, cell 
lyses were collected and tested by immunoblotting with antibodies to hRad9 or p-actin. 

15 CWR22R cells were transfected as Figure 28A to determine the effect of blocking endogenous 
hRad9 on AR transcriptional activity. Fibure 28 (C) shows LNCaP cell were transfected with 
pCDNA vector or pCDNA-hRad9 by electroporation. After 24 h, cells were treated with EtOH 
or 10 nM DHT for another 48 h and 50jig cell extracts from LNCaP were loaded on 10% SDS- 
polyacrylamide gel and analyzed by Western blotting. 

20 34. Figure 29 shows hRad9 has little effect on ER- or VDR-mediated transactivation. 

Figure 29 (A) shows PC-3 cells were transfected with DNA mixtures of pG4-LUC, pM-f-hRad9, 
VP 1 6-ERa, or VP 1 6-VDR as indicated GAL4-D30 and GAL4-RXRa were used as positive 
controls for VP16-ERa and VP16-VDR respectively. Figure 29 (B) shows PC-3 cells were 
transfected as in Figure 28A. pSG5-ERa or pSG5-VDR, and their respective reporter plasmids 

25 were used as indicated. 

35. Figure 30 shows the C-terminus of hRad9 interrupts AR N/C interaction. Figure 30 
(A) shows the FXXLF containing fragment of hRad9 efficiently blocked the interaction between 
the N-terminus of AR and the AR-LBD. The upper panel shows the reconstituted AR 
transcription assay to determine the AR N/C interaction. PC-3 cells were transfected with 

30 MMTV-LUC, pRL-tk-LUC, AR mutants, and hRad9 as indicated. After transfection, cells were 
treated with 10 nM DHT for 24 h before harvesting. The LUC activity relative to lane 1 was 
calculated, and results are the mean ±S.D. of three independent experiments. Figure 30 (B) 
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shows the C-terminus, not the N-terminus, of hRad9 inhibits AR transactivation. PC-3 cells were 
transfected as described in Figure 30A, except using pCMV-AR that expresses intact AR. 

36. Figure 3 1 shows a model for the role ofhRad9 in AR signaling. See text for 
discussion. 

5 V. DETAILED DESCRIPTION 

37. The present invention may be understood more readily by reference to the following 
detailed description of preferred embodiments of the invention and the Examples included 
therein and to the Figures and their previous and following description. 

38. Before the present compounds, compositions, articles, devices, and/or methods are 
10 disclosed and described, it is to be understood that this invention is not limited to specific 

synthetic methods, specific recombinant biotechnology methods unless otherwise specified, or to 
particular reagents unless otherwise specified, as such may, of course, vary. It is also to be 
understood that the terminology used herein is for the purpose of describing particular 
embodiments only and is not intended to be limiting. 

15 39. Using three different approaches (Cre-lox conditional knockout, siRNA, and 

homologous recombination) to abrogate the AR function in female mice and MCF7 breast 
cancer cells, it was demonstrated that AR can go through interruption of MAPK activity and ER 
signaling to exert its essential roles for the normal mammary gland development and breast 
cancer growth. These results are in agreement with early reports showing that both MAPK and 

20 ER are essential factors for mammary gland development and breast cancer growth. For 

example, ER''" mice exhibit undeveloped mammary glands similar to those of new bom mice, 
indicating the essential roles of ER in the ductal growth (Couse and Korach 1999), and the loss 
of ER can significantly delay the onset of tumor induction in MMTV-Neu (Neu/ER"^") or -Wnt-1 
(Wnt-l/ER^^ transgenic mice lacking functional ER (Bocchinfuso et al. 1 999; Hewitt et al. 

25 2002). MAPK inhibitor, PD098059, could inhibit both the mammary gland alveolar 

morphogenesis (Niemann et al. 1998) and Her2/Neu-, H-Ras- or C-myc-initiated mammary 
tumor growth (Amundadottir and Leder 1998). 

40. To dissect how AR influences MAPK activity, it was found that loss of AR could 
disrupt the IGF-I-, EGF-, and HRG-a-induced MAPK activity (Fig. 4B) and reduced IGF-IR 

30 expression in AR"'" mice (Fig. 3C). Bonnette et al (Bonnette and Hadsell 2001) found that mice 
with defective IGF-IR have less branching and decreased cellular proliferation of TEB in 
developing mammary glands, and these defects could be only partly restored during pregnancy. 
Similar phenomena also occurred in AR"'' mice (Figs. 1 and 2), indicating that the suppression of 



IGF-IR by the AR abrogation can contribute to the retarded mammary gland development in AR" 

mice. Consistent with the data from Figs. 4F and 5B showing that the loss of AR interrupts 
HRG-a-induced anchorage-independent cell growth and MAPK activation, Watson et al 
(Watson et al. 2002) found that in transgenic rats with overexpression of HER2/Neu in the 
5 mammary gland, only normal males, but not castrated males, developed mammary tumors. 
These results may suggest the potential cross-talk between androgen/AR and HER2/Neu 
signaling pathways in mammary tumor progression. 
A. Definitions 

41 . As used in the specification and the appended claims, the singular forms "a," "an" 
10 and "the" include plural referents unless the context clearly dictates otherwise. Thus, for 

example, reference to "a pharmaceutical carrier" includes mixtures of two or more such carriers, 
and the like. 

42. Ranges can be expressed herein as from "about" one particular value, and/or to 
"about" another particular value. When such a range is expressed, another embodiment includes 

15 from the one particular value and/or to the other particular value. Similarly, when values are 
expressed as approximations, by use of the antecedent "about," it will be understood that the 
particular value forms another embodiment. It will be fiirther understood that the endpoints of 
each of the ranges are significant both in relation to the other endpoint, and independently of the 
other endpoint. It is also understood that there are a number of values disclosed herein, and that 

20 each value is also herein disclosed as "about" that particular value in addition to the value itself. 
For example, if the value "10" is disclosed, then "about 10" is also disclosed. It is also 
understood that when a value is disclosed that "less than or equal to" the value, "greater than or 
equal to the value" and possible ranges between values are also disclosed, as appropriately 
understood by the skilled artisan. For example, if the value "10" is disclosed the "less than or 

25 equal to 10"as well as "greater than or equal to 10" is also disclosed. It is also understood that 
the throughout the application, data is provided in a number of different formats, and that this 
data, represents endpoints and starting points, and ranges for any combination of the data points. 
For example, if a particular data point "10" and a particular data point 1 5 are disclosed, it is 
understood that greater than, greater than or equal to, less than, less than or equal to, and equal to 

30 10 and IS are considered disclosed as well as between 10 and IS. 

43. In this specification and in the claims which follow, reference will be made to a 
number of terms which shall be defined to have the following meanings: 
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44. "Optional" or "optionally" means that the subsequently described event or 
circuinstance may or may not occur, and that the description includes instances where said event 
or circumstance occurs and instances where it does not. 

B. Compositions and methods 
5 45. Disclosed are methods of screening a subject for breast cancer comprising: a) 

obtaining a tissue sample, and b) assaying for the presence of androgen receptor, wherein the 
presence of androgen receptor indicates an increased risk of or presence of breast cancer. 

46. Disclosed are methods, wherein the screening is in a cell, wherein the subject is a 
mouse, wherein the subject is a human, or wherein the subject is male. 
10 47. Also disclosed are methods of screening a subject for breast cancer comprising: a) 

obtaining a tissue sample, and b) assaying for the presence of androgen receptor mRNA, wherein 
the presence of androgen receptor indicates an increased risk of or presence of breast cancer. 

48. Also disclosed are methods, wherein the screening is in a cell, wherein the subject is 
a mouse, wherein the subject is a human, or wherein the subject is male. 
15 49. Disclosed are methods of treating cancer comprising administering to a subject an 

androgen receptor inhibitor. 

50. Also disclosed are methodss, wherein the androgen receptor inhibitor reduces nuclear 
translocation of androgen receptor, wherein the androgen receptor inhibitor comprises ARA67, 
or fragment thereof, wherein the androgen receptor inhibitor phosphorylates androgen receptor, 

20 wherein the androgen receptor inhibitor comprises GSK2B or fragment thereof, wherein the 
androgen receptor inhibitor reduces an interaction between the N-terminus and C terminus of 
androgen receptor, wherein the androgen receptor inhibitor comprises hRad9 or fragment 
thereof, wherein the androgen receptor inhibitor is ARA67, GSK2B, or hRad9, or fragment 
thereof, wherein the androgen receptor inhibitor interacts with androgen receptor mRNA, 

25 wherein the androgen receptor inhibitor is a fiinctional nucleic acid, wherein the androgen 
receptor inhibitor is an siRNA, wherein the siRNA comprises SEQ ID NO: 1 1 , wherein the 
cancer is breast cancer, or wherein the subject is a male. 

51 . Disclosed are methods of screening a composition for the ability to modulate AR 
activity comprising administering the compound to a system, wherein the system comprises AR 

30 and ARA67, GSK2B, or hRad9, and determining if the compound reduces the interaction 
between AR and ARA67, GSK2B, or hRad9. 
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52. Disclosed are methods of screening a composition for the ability to modulate AR 
activity comprising administering the compound to a system, wherein the system comprises AR 
and detennining if the compound decreases the amount of nuclear AR. 

53. Disclosed are methods of screening a composition for the ability to modulate AR 

5 activity comprising administering the compound to a system, wherein the system comprises AR 
and determining if the compound decreases the amount of phoshoiylated AR. 

54. Disclosed are methods of screening a composition for the ability to modulate AR 
activity comprising administering the compound to a system, wherein the system comprises AR 
and determining if the compound decreases the amount of N-terminus Ar interacting with the C- 

1 0 terminus of AR. 

55. Disclosed are methods, wherein the system is a breast cancer cell or cell line or 
wherein the breast cancer cell line is MCF-7, 7R-75-1 , or T47-D. 

56. Disclosed are compositions for inhibiting androgen receptor activity comprising a 
protein, peptide, antibody, or functional nucleic acid, wherein the composition reduces AR 

15 translocation to the nucleus, wherein the composition is not SEQ ID NO: 1 . 

57. Disclosed are compositions, wherein the composition comprises a fragment of 
ARA67, wherein the fragment binds androgen receptor. 

58. Disclosed are compositions for inhibiting androgen receptor activity comprising a 
protein, peptide, antibody, or functional nucleic acid, wherein the composition reduces the 

20 interaction between the AR N-terminus and the AR C-terminus, wherein the composition is not 
SEQ ID NO:7. 

59. Disclosed are compositions wherein the composition comprises a fragment of hRad9, 
wherein the fragment binds androgen receptor. 

60. Disclosed are compositions for inhibiting androgen receptor activity comprising a 
25 functional nucleic acid, wherein the functional nucleic acid interacts with the mRNA of AR. 

61 . Disclosed are compositions, wherein the composition comprises an siRNA or 
wherein the siRNA comprises SEQ ID NO: 1 1 . 

62. Disclosed are compositions for inhibiting androgen receptor activity comprising an 
antibody or a functional nucleic acid, wherein the composition reduces AR translocation to the 

30 nucleus, and wherein the composition competes with ARA67 for binding to androgen receptor. 

63. Disclosed are compositions for inhibiting androgen receptor activity comprising an 
antibody or a functional nucleic acid, wherein the composition reduces AR translocation to the 
nucleus, and wherein the composition competes with hRad9 for binding to androgen receptor. 
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64. Disclosed are compositions for inhibiting androgen receptor activity comprising an 
antibody or a functional nucleic acid, wherein the composition reduces AR translocation to the 
nucleus, and wherein the composition competes with GSK2B for binding to androgen receptor. 

65. Disclosed are compositions for inhibiting androgen receptor activity comprising an 
5 antibody or a functional nucleic acid, wherein the composition reduces AR translocation to the 

nucleus, and wherein the composition binds androgen receptor as ARA67 binds androgen 
receptor. 

66. Disclosed are compositions for inhibiting androgen receptor activity comprising an 
antibody or a functional nucleic acid, wherein the composition reduces AR translocation to the 

10 nucleus, and wherein the composition binds androgen receptor as hRad9 binds androgen 
receptor. 

67. Disclosed are compositions for inhibiting androgen receptor activity comprising an 
antibody or a functional nucleic acid, wherein the composition reduces AR translocation to the 
nucleus, and wherein the composition binds androgen receptor as binds androgen receptor. 

15 68. Disclosed are compositions, wherein the composition is an antibody, wherein the antibody is 

a monoclonal antibody, or wherein the antibody is a polyclonal antibody, or wherein the composition is a 
fiuictional nucleic acid, or wherein the functional nucleic acid is an aptamer. 

69. Disclosed are compounds produced by the method of screening a compound for the ability to 
modulate AR activity comprising administering the compound to a system, wherein the system comprises 

20 AR and ARA67, GSK2B, or hRad9, and determining if the compound reduces the interaction between 
AR and ARA67, GSK2B, or hRad9 and making the compound. 

70. Disclosed are compounds produced by the method of screening a compound for the ability to 
modulate AR activity comprising administering the compound to a system, wherein the system comprises 
AR and determining if the compound decreases the amount of nuclear AR and making the compoimd. 

25 71. Disclosed are compounds produced by the method of screening a compound for the ability to 

modulate AR activity comprising administering the compound to a system, wherein the system comprises 
AR and determining if the compound decreases the amount of phoshorylated AR and making the 
compound. 

72. Disclosed are compounds produced by the method of screening a compound for the ability to 
30 modulate AR activity comprising administering the compound to a system, wherein the system comprises 

AR and determining if the compound decreases the amoimt of N-terminus Ar interacting with the C- 
terminus of AR and making the compoimd. 

73. Also disclosed are compositions, wherein the composition is not SEQ ID NOl, 5, or 

7. 
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Attorney Docket Number 2110S.00371J1 
1. AR 

74. Androgen receptor (AR) is a member of steroid hormone receptor (SHR) family and 
mediates androgen actions that are involved in a wide range of developmental and physiological 

5 responses, such as male sexual differentiation, virilization, and male gonadotropin regulation 
(Quigley, C.A., et al. 1995. Endocr. Rev. 16:271-321, (Brown, T. R., J Androl 16:299-303 
(1995)). Besides its physiological roles, AR also contributes to pathological conditions 
highlighted by its role in prostate carcinogenesis (Quigley, C.A., et al. 1995. Endocr. Rev. 
16:271-321, Santen, R.J. 1992. J. Clin. Endocrinol. Metab. 75:685-689). Like other members of 

10 SHR family, the AR contains an amino-terminal (N-terminal) transcription activation domain 
(TAD, amino acids 1-557 SEQ ID NO: 3 are AFl), a DNA-binding domain (DBD, amino acids 
557-623), and a carboxyl-terminal ligand-binding domain (LBD, amino acids 624-919). (AF2 aa 
872-908) (Mangelsdorf, D. J., et al.. Cell 83:835-9 (1995)). Upon ligand binding, the AR 
dissociates from chaperone proteins including heat shock proteins, homodimerizes, translocates 

15 to the nucleus, and turns on the expression of its target genes by binding to the androgen receptor 
response element (ARE) (Quigley, C.A., et al. 1995. Endocr. Rev. 16:271-321; Chang, C, A. et 
al., Crit Rev Eukaryot Gene Expr 5:97-125 (1995)). 

a) AR domains 

75. Compared to the quite conserved DBD and LBD, the N-terminus is quite 

20 polymorphic in terms of sequence and length between NRs. The N-terminus is more likely to 
provide unique surfaces to recruit distinct factors that contribute to the specific action of a 
certain NR. The AR has a large N-termius (ARN) and there are two distinct regions important 
for its transactivation function residing within the ARN: residues 141-338, which are required 
for full ligand-inducible transactivation, and residues 360-494, where the ligand-independent 

25 activation function-1 (AF-1) region is located (Heinlein, C.A., et al. 2002. Endocr. Rev. 23:175- 
200). Coactivators and corepressors have been identified to interact with ARN (Hsiao, P., et al. 
1999. J. Biol. Chem. 274:22373-22379, Hsiao, P., et al. 1999. J. Biol. Chem. 274:20229-20234, 
Knudsen, K.E., et al. 1999. Cancer Res. 59:2297-2301, Lee, D.K., et al. 2000. J. Biol. Chem. 
275:9308-9313, Markus, S.M., et al. 2002. Mol. Biol. Cell 13:670-682, Petre, C.E., et al. 2002. J. 

30 Biol. Chem. 277:2207-2215). Furthermore, although ARN extends to more than one half of the 
full length protein, its associated proteins are relatively fewer compared to those associated with 
AR DBD and AR LBD, presumably due to the existence of the AF-1 region which limits the 
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application of conventional yeast-two hybrid system by using ARN as bait. It's likely there are 
still more ARN associated proteins remaining to be identified. 

76. AR is classified with glucocorticoid receptor (GR), mineralocorticoid receptor and 
progesterone receptor (PR) as one group within the nuclear receptor (NR) superfamily, since 

5 they share high homology in the DBD and recognize very similar hormone response elements 
(Forman, B.M. et al. 1990. Mol. Endocrinol. 4:1293-1301, Laudet, V., et al. 1992. EMBOJ. 
1 1:1003-1013). However, the physiological responses mediated by these receptors upon cognate 
ligand activation are quite distinct and hormone specific. Apparently, these cannot be explained 
by a specific DNA-binding through the DBD. Factors located outside the DBD may play a key 
1 0 role in determining the specific hormone responses. 

2. Coregulators interact with AR and other steroid receptors 

77. Steroid receptors may fimction through direct or indirect interaction with other 
regulatory proteins in cells (McKenna, N. J., and B. W. O'Malley, Cell 108:465-74 (2002); 
McKenna, N. J., and B. W. O'Malley, Endocrinology 143:2461-5 (2002)). A number of 

15 transcriptional coregvilators, including coactivators and corepressors, have been identified that 
enhance or suppress the interactions between steroid receptors and the basal transcriptional 
machinery (Hermanson, O., et al.. Trends Endocrinol Metab 13: 55-60 (2002); 31 . Jepsen, K., et 
al., Cell 102:753-63 (2000); Mclnemey, E. M., et al., Proc Natl Acad Sci U S A 93:10069-73 
(1996); Xu, L., et al., Curr Opin Genet Dev 9:140-7 (1999)). It has been suggested that 

20 regulation by coregulators is an efficient way to achieve cell- and promoter-specific activation 
(Pearce, D. et al. 1993. Science 259:1161-1164). A large number of coregulators have been 
identified in recent years (reviewed in Heinlein, C.A., et al. 2002. Endocr. Rev. 23:175-200, 
McKenna, N.J., et al. 1999. Endocr. Rev. 20:321-344). For example, SRC-1 can serve as a 
coactivator to many nuclear receptors like PR, estrogen receptor (ER), GR, thyroid hormone 

25 receptor (TR) and retinoid X receptor (RXR) (Onate, S.A., et al.. Science 270:1354-1357 

(1995)). Although NCo-R and SMRT were initially identified to mediate active suppression by 
unliganded TR and retinoid acid receptor (Chen, J.D., et al. 1995. Nature 377:454-457, Horlein, 
A. J., et al. 1995. Nature 377:397-404), later studies suggest that they also serve as corepressors 
to PR (Wagner, B.L., et al. 1998. Mol. Cell. Biol. 18: 1369-1378), ER (Lavinsky, R.M., et al. 

30 1998. Proc. Natl. Acad. Sci. USA 95:2920-2925) and AR (Dotzlaw, H., et al. 2002. Mol. 

Endocrinol. 16:661-673, Liao, G., et al. 2003. J. Biol. Chem. 278:5052 - 5061). It is assumed 
coregulators that can preferentially bind and influence an individual NR at a specific subcellular 
environment may help to determine the specificity of NR mediated responses. 



— 18 — 



Attorney Docket Number 21 108.0037U1 

78. The pl60/steroid receptor coactivator (SRC) family is the most clearly defined class 
of coactivators, including SRC-1, SRC-2/TIF2, and SRC-3/AIBl/pCIP/RAC3 (Glass, C. K., and 
M. G. Rosenfeld, Genes Dev 14:121-41 (2000); Llopis, J., et al., Proc Natl Acad Sci U S A 
97:4363-8 (2000); McKenna, N. J., and B. W. O'Malley, Cell 108:465-74 (2002)). Interaction 

5 between ligand-activated steroid receptors and the pi 60 coactivators is mediated by a small ~t- 
helical motif containing the LXXLL sequence (where L is leucine and X is any amino acid) (44). 
Ligand binding leads to realignment of the helix 12 in the LBD domain revealing a hydrophobic 
groove where the LXXLL motifs bind (Bledsoe, R. K., et al., Cell 1 10: 93 - 105 (2002), 
Darimont, B. D., et al.. Genes Dev 12:3343-56 (1998), Feng, W., et al.. Science 280:1747-9 

10 (1998), Heery, D. M., et al.. Nature 387:733-6 (1997)). In addition to LXXLL motifs, a number 
of AR coregulators, such as ARA54 and ARA70, interact with AR in an androgen-dependent 
manner through FXXLF motifs (where F is phenylalanine) (He, B., et al., J Biol Chem 
277:10226-35 (2002), Kang, H. Y., et al., J Biol Chem 274:8570-6 (1999), 63. Yeh, S., and 
C. Chang, Proc Natl Acad SciU S A 93:5517-21 (1996)). Furthermore, the FXXLF motif located 

15 in the AR N-terminal region is found to mediate the interaction between the LBD and N- 

terminus of AR (N/C interaction), which is important for the full AR transactivation capacity 
(Chang, C, J. D. et al., Mol Cell Biol 19:8226-39 (1999), He, B., et al., J Biol Chem 275:22986- 
94 (2000), Langley, E., et al., J Biol Chem 270:29983-90 (1995)). Phage display technique 
confirms the FXXLF motif is a ligand-dependent AR associated peptide moti (Hsu, C. L., et al., 

20 J Biol Chem 278:23691-8 (2003)). 

3. Prostate cancer 

79. Prostate cancer is the most common invasive malignancy and second leading cause of 
cancer deaths in males in the United States (Gittes, R. F. (1991) NEnglJMed324 (4), 236-45, 
Greenlee, R. T., et al. (2000) CA Cancer J Clin 50 (1), 7-33). In the early stages of this disease, 

25 most patients respond favorably to androgen ablation and antiandrogen therapy. Unfortunately, 
the effects of androgen ablation are usually transient as cancer cells eventually progress into the 
androgen-independent phenotype. Although the mechanism underlying this resistance to 
androgen ablation remains largely unknown, mutations in the androgen receptor (AR), enhanced 
expression of growth factor receptors and associated ligands, and overexpression of some AR 

30 cofactors have been shown to be the causal genetic events in PCA progression (Gittes, R. F. 
(1991) NEngUMed324 (4), 236-45). 



_19_ 



Attorney Docket Number 21 108.0037U1 

4. Androgen receptor signalling 

80. Androgen exerts its effects via the intracellular AR, a member of the superfamily of 
nuclear receptors (Chang, C. S., et al. (1988) Science 240 (4850), 324-6, Mangelsdorf, D. J., et 
al. (1995) Cell 83 (6), 835-9). Upon androgen binding, AR dissociates from the heat-shock 
5 proteins and binds to androgen response elements, resulting in upregulation or downregulation of 
the transcription of AR target genes. In addition to responding to ligands, the AR is affected by 
kinase signaling pathways which directly or indirectly alter the biological response to androgens. 
This phenomenon is mediated by the AR, as antiandrogens have been shown to block kinase- 
induced transcriptional activation (Sadar, M. D. (1999) JBiol Chem 274 (12), 7777-83). Growth 

10 factors, cytokines, and neuropeptides have been implicated in various in vitro and in vivo models 
of human malignancies, including prostate cancers (Burfeind, P., et al. (1996) Proc Nat! Acad 
Sci [/iS A 93 (14), 7263-8). In the absence of androgens, insulin-like growth factor- 1 (IGF-1), 
keratinocyte growth factor (KGF), and epidermal growth factor (EGF) are able to activate 
transcription of androgen receptor-regulated genes in prostate cancer cells (Culig, Z., et al. 

15 (1995) Eur Urol 27 (Suppl 2), 45-7). MAPK and Akt kinase cascades have been shown to be 
involved in growth factor-mediated AR activation (Yeh, S., et al. (1999) Proc Natl Acad Sci 
USA 96 (10), 5458-63, Wen, Y., et al. (2000) Cancer Res 60 (24), 6841-5, Lin, H. K., et al. 
(2001) Proc Natl A cad Sci U SA 98 (13), 7200-5). Some neuropeptides, such as bombesin and 
neurotensin, can stimulate AR activation and cancer cell growth in the absence of androgen, by 

20 activation of tyrosine kinase signaling pathways (Lee, L. F., et al. (2001) Mol Cell Biol 21 (24), 
8385-97). Prostate cancer cells may progress from androgen-dependence to a refractory state 
resulting from activation of AR by various kinases, thus circumventing the normal growth 
inhibition caused by androgen ablation. 

5. AR role in normal mammary cell development 

25 81 . Epidemiological studies indicated some positive correlation between testosterone 

concentration and breast cancer incidence, although it is arguable that testosterone effects on 
breast cancer progression could also come from conversion to 17p-estradiol (E2) via 
aromatization in peripheral tissues (Secreto and Zumoff 1994; Berrino et al. 1996). Other 
reports, however, also suggested that androgens could negatively regulate the growth of 

30 mammary epithelial and breast cancer cells (Birrell et al. 1995; Szelei et al. 1997; Dimitrakakis 
et al. 2002). AR is expressed in normal breast and up to 85% of breast tumors are AR-positive 
(Lea et al. 1989; Kuenen-Boumeester et al. 1992; Wilson and McPhaul 1996). Also, 25% to 82% 
of metastatic breast tumors, which are estrogen receptor (ER)- and progesterone receptor (PR)- 
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negative, still express a significant amount of AR (Lea et al. 1989; Bayer-Gamer and SmoUer 
2000). Disclosed herein, AR itself, not androgen mediated AR activity, is responsible for 
normal mammary gland development and is involved in mammary cancer. Thus, disclosed are 
1) methods of diagnosing breast cancer based on the presence of AR, and 2) methods and 
5 compositions for inhibiting breast cemcer wherein the compositions inhibit AR activity, 
including AR activity that is androgen independent. 

82. Female mice which are homozygous knockouts of AR have smaller mammary 
glands, ovaries, and uterus than normal female mice. The weight of these organs are 1 5-23% less 
in female AR"'" mice as comparing to their age-matched littermates. Disclosed herein, there is a 

10 role for AR in the normal development of breast tissue in mice, and this role is involves the 
MAPk and IGF-I and IGF-I receptor (IGF-IR) pathways. 

83. Specifically, the loss of AR causes a reduction in the number and size of the terminal 
bud ends, which is related to a reduction in the number of mammary glands. Furthermore, the 
size and number of cap cells, which are responsible for the ductal extension fi-om the terminal 

15 end buds were reduced. On the whole, the mammary glands were less functional in mice lacking 
AR, having less milk production. A full discussion of the defects of mammary gland 
development in mice lacking AR can be found in the Examples. 

84. Disclosed herein, the defects in mammary gland development, caused by the loss of 
AR in the female mice, is linked to the signaling pathways of MAPK and IGF-I/IGF-IR. 

20 Phospho-MAPK activity was decreased in the AR -/- mice, even though total MAPK protein 

remains about the same. IGF-I and IGF-IR are upstream regulators of MAPK. It was found that 
IGF-IR, but not IGF-I, mRNA expression is reduced by 46% in immature female AR"'' mice 
(Fig. 3C) consistent with the IGF-I/IGF-IR-» MAPK signaling pathway being defective in female 
AR"'' mice. Cyclin Dl is a down stream target in the IGF-I/IGF-IR/MAPK pathway. The cyclin 

25 D 1 mRNA expression was significantly reduced in female AR''" mice (Fig. 3C). Similar 
reduction of the cyclin D 1 protein levels, using immunostaining, also occurred. 

85. The data disclosed herein indicates that AR plays a role in upregulating the signaling 
of the IGF-I/IGF-IR-* MAPK-* cyclin Dl pathway through upregulation of the IGF-IR. Thus, a 
downregulation or a loss of AR will cause a down regulation or loss of signaling through the 

30 IGF-I/IGF-IR-> MAPK-* cyclin Dl pathway because of a down regulation of IGF-IR, and this 
down regulation will result in retarded and defective mammary gland development in female 
mice. 
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86. Thus, disclosed are methods of regulating the IGF-I/IGF-IR-* MAPK-^ cyclin Dl 
pathway through the regulation of the amount of active AR, by for example, regulating the 
amount of AR or its activity, as AR is a positive regulator of this pathway. In addition, this AR 
effect occurs at least in the prepuberty stage of development, i.e. in early mammary gland 

5 development. Thus, the role of growth factors, such as IGF-I aie modulated by the presence or 
absence of AR, which modulates the presence of the IGF-I receptor. This regulation can be 
accomplished using any of the means of regulation of AR known and/or explicitly disclosed 
herein. 

87. In addition, the AR-/- mice had reduced signaling from the Estrogen receptor (ER), as 
10 estrogen responsive genes, EQj and hepatocyte growth factor (HGF) were down regulated in 

prepuberty female mice lacking AR. However, Progesterone Receptor (PR) expression was 
normal in prepuberty female AR-/- mice, but progesterone was decreased in adult mice. 
6. AR role in breast cancer 

88. The role of AR in breast cancer was investigated by taking a breast cancer cell line, 
1 5 an MCF7 cell line, and making an MCF7 line that was lacking AR, through homologous 

recombination and another set of knockdown AR through siRNA for AR. The proliferation of 
MCF7 cells lacking AR was severely reduced when cultured in media containing normal, steroid 
deprived, or iO''°M E2-treated serum (Fig. 4E). Fiuthermore, the colony formation was 
defective, even in response to E2 (IO^'M) or heregulin-cx (HRG-o; 100 ng/ml), an activator for 

20 the HER2/HER3/HER4 family. This data indicate that AR plays an essential role in the 
development of breast cancer. Thus, disclosed are assays for diagnosing breast cancer and 
determining the prognosis of a breast cancer patient by assaying the levels of AR in the breast 
cancer or cells of the breast cancer subject. Also disclosed are methods of modulating breast 
cancer by reducing the amount of AR activity in the breast cancer cell. For example, disclosed 

25 herein are siRNAs that effectively reduce the AR activity in MCF7 breast cancer cells and thus, 
reduce the tumorgenicity of the breast cancer cells, by for example, reducing the ability of the 
cells to form colonies in a colony forming assay, or reducing the proliferation of the MCF7 cells. 

89. Furthermore, IGF-I, epidermal growth factor (EGF), or HRG-aare stimulators of 
MCF7 proliferation through MAPK. However, in cells lacking AR, MAPK activity was 

30 impaired and cell proliferation reduced. Furthermore, using siRNA, the IGF-I/EGF/HRG-a- 
induced MAPK activation (Fig. 5B) and cell proUferation, as judged by cells entering S phase, 
were also reduced. These effects could be rescued by transfection of an AR expression plasmid 
under the control of a natural AR promoter (np-AR). Adding EGF with np-AR can enhance 
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synergistically the transactivation of GAL4-Elkl in AR-/- MCF7 cells, compared with the cells 
treated with EGF alone (Fig. 5C), indicating a significant involvement of AR in the growth 
factor signaling pathway. Furthermore, the AR-activated GAL4-Elkl activity can be diminished 
by MAPK phosphatase- 1 (CL- 100) or a specific inhibitor U0126, as well as dominant-negative 
5 Ras or Raf (Sugimoto et al. 1998) (Fig. 5D). Also, the reduction of MAPK activation by AR 
siRNA can be recovered by constitutively activated MEK (MEK-CA), Ras (Ras-CA), or Raf 
(Raf-CA), but not by Rac (Sells et al. 1997) (Rac-CA) or PI3K (pllO subunit). These results 
indicate that AR is an important upstream regulator of the Ras/RafiMAPK cascade. 

90. The ER activity in AR"'' MCF7 cells was examined. The transcriptional activities of 
10 ER were reduced by 58.8%, 53.8%, and 55.0% in AR^" MCF7 cells in the presence of E2 at 10"*^ 

M, 10'*° M, and 10"* M, respectively, using a ERE-luciferase reporter (Fig. 5E). The reduced 
transcriptional activity of ER in AR"'" MCF7 cells can be restored by transfection of np-AR (Fig. 
5F). These results match well the data in Fig. 3C showing ER target gene expression is reduced 
in AR"'' mouse breasts. 
15 7. AR activity in general and in breast tissue 

91. AR's function as a steroid hormone receptor is well documented. Upon binding of its 
cognate hormone. Androgen, AR dimerizes and is transported into the nucleus where it is able to 
act on AR specific genes. AR's role in prostate cancer is also well characterized. Androgen 
ablation therapy, by chemical or physical castration, remains the treatment of choice, but in 

20 prostate cancers treated with androgen ablation therapy, using for example, hydroxyflutamide, 
which is an anti-androgen, blocking productive androgen binding, and thus, decreasing androgen 
receptor activity, there is typically a refiractory period, where the cells become insensitive to the 
anti-androgen and proliferate in an androgen independent. While there are multiple mechanisms 
related to this reflection, including mutations in the AR, enhanced expression of growth factor 

25 receptors and associated ligands, and overexpression of some AR cofactors, disclosed herein, 
there is also an underlying androgen independent activity of AR which is involved in, for 
example, AR's role in breast cancer. This imderlying AR independent activity is at least 
involved through androgen independent activity of AR in the MAPK activation and subsequent 
pathways. Thus, disclosed are methods of modulating AR activity, independent of modulating 

30 androgen or its effects on AR, but rather through targeting the androgen independent activity of 
AR that is now understood to be at least involved in breast cancer, for example, non-estrogen 
receptor/estrogen and/or non progesterone receptor/progesterone related breast cancers. 
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92. This androgen independent activity was shown herein, by determining that the 
MAPK activation could be rescued in AR -/- cells with portions of the AR, which lacked the 
ligand binding domain (LBD). The N-terminus together with DBD, but not ligand binding 
domain (LBD), LBD with deletion of helix 12 domain (LBD-dH12), DBD alone, or N-terminus 

5 alone, can restore the MAPK activation (Fig. 6A). Thus, androgen receptor, not androgen, is 
responsible for the activation of the MAPK pathway in breast development and in breast cancer, 
because androgen receptor lacking the LBD can activate the MAPK pathway. 

93. Disclosed herein, AR is also involved in breast cancer, such as male breast cancer. 
An AR mutant (AR-R608K) has been suggested to be associated with male breast cancer 

10 (Lobaccaro et al. 1993). Disclosed herein in AR''" MCF7 cells AR-R608K had a higher 

induction fold on MAPK activation than fiill length AR (AR-FL) (Fig. 6B), indicating that the 
contribution of AR-R608K to breast cancer incidence can involve the excessive activation of 
MAPK. 

8. Methods of inhibiting AR activity and inhibiting cancers caysed by AR activity 
15 94. Disclosed are methods of inhibiting AR activity, such as AR activity that is androgen 

independent, as discussed herein. Typically the methods of inhibiting AR activity involve 
administering a composition or compound to a cell or organism or in vitro system, such that the 
compound inihibit activity of the AR, such as the non-androgen dependent activity of AR. 
Typically, when administering the compositin or compound the composition or compound will 

20 interact with AR or AR mRNA or other AR nucleic acid, such that, for example the amoimt of 
activity AR is decreased (see for example the disclosed siRNA molecules as well as others), the 
transport of the AR into the nucleus is prevent (See for example, ARA67), the AR is 
phosphorylated in a region that prevents activity (See for example, GSK3B), of the AR interacts 
such that interaction between the C and N domains of AR (See for example, hRad9). 

25 95. It is understood that disclosed herein, there is an interaction between AR and another 

protein which is required for full AR activity, in for example, breast cancer, where the 
interaction of AR and the other protein is androgen independent. The methods of inhibiting AR 
disclosed herein are based on the prevention of this interaction via any of a number of ways, but 
since the interaction is not dependent on androgen receptor interaction with androgen, 

30 antiandrogens, as they have been understood, such as hydroxyflutamide, would not bbe 

considered molecules that prevent this non-androgen AR-protein interaction. However, in 
treating cancers, clearly contemplated would be combination therapies involving antiandrogens. 
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such as hydroxyflutamide, as well as the disclosed AR inhibitors, such as the disclosed AR 
siRNA molecules or ARA67 or fragments etc. 

96. The compositions can be administered to any animal, including murine, such as 
mouse and rat and hamster, rabbits, primates, such as chimpanzee, gorilla, orangatang, monkey, 

5 or human, ovine, such as sheep and cows, as well as horses. 

97. The disclosed compositions can be used to treat any disease where uncontrolled 
cellular proliferation occurs such as cancers. Disclosed are methods for regulating cancers 
related to AR, such as prostate cancer. Disclosed are methods for inhibiting cancers related to 
androgen receptor. By inhibiting the transactivation activity of AR, such as the non-androgen 

10 activity of AR, cancers caused by gene activation or interaction with AR can be reduced. 
98. 

99. Disclosed are methods of inhibiting breast cancers comprising administering the 
disclosed compositions to a cell or an organism or in an in vitro system. 

100. It is also understood that the compositions or compounds can be administered to 
15 any type of cell. Typically the compositions and compounds are administered to cells expressing 

AR and/or AR coregulators, such as co-activators. 

101 . Also disclosed are method for diagnosing cancers caused by AR, such as breast 
cnacer. Disclosed herein, the knowledge that there is an androgen independent activity of AR 
that is involved in cancer, such as breast cancer, indicates that assaying for the presence of AR, 

20 independent, for example, to assajang for the presenceo f androgen, can be predictive of whether 
the patient has breast cancer. The coimection that AR itself is predictive of cancers, such as 
breast cancer is made herein. Furthermore, the connection between why AR itself and how AR 
itself is diagnostic of cancers is also disclosed herein. Thus, disclosed are assays designed to 
determine the presence of AR protein and/or AR mRNA, for example. Any method for 

25 determining protein presence, such as Elisa or antibody hybridization or various 

chromotagraphic assays can be used to assay for the presence of androgen receptor in sample, 
such as a cell or tissue, or organism, such as a himian or other animal disclosed herein. 
Furthermore, any method for assaying nucleic acid presence, such as hybridization technology, 
such as probe or chip technology, as well as methods involving amplification, such as reverse 

30 transcription/PCR can be used to assay for the presence of androgen receptor in a sample, such 
as a cell or tissue sample or for its presence in an organism, such as a himian or other animal 
disclosed herein. 
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102. Disclosed herein, the effect of AR protein can go through interaction with other 
protein (s) to have non-genomic and/or non-androgenic activities. AR signals can utilize 
multiple pathways, including the classic androgen/AR-> AR target genes of genomic actions as 
well as AR-* AR interaction proteins of non-genomic action to exert its roles in the breast cancer 

5 progression. This is in agreement with early reports showing ER could also cross-talk to MAPK 
in breast cancer cells (Kato et al. 1995; Greene 2003). In addition to estrogens, ER could be 
activated via phosphorylation at SerllS by MAPK to induce its target gene expression (Kato et 
al. 1995). In return, ER could also induce the Ras-Raf-MAPK cascade via non-genomic action 
(Migliaccio et al. 2000). The results disclosed herein show that AR can influence both MAPK 
1 0 and ER signals therefore indicates that the reduction of ER activity can be due to the reduced 
MAPK activity and the reduced MAPK activity can be due to the reduced ER activity in AR"'' 
MCF7 cells and in AR''' mice. 

1 03. This study provides the first in vivo evidence showing AR can go through growth 
factors, MAPK, and ER/PR signals (surmnary in Fig. 6C) to control the normal breast 

15 development, and modulate the breast cancer proliferation, especially in the conditions of 
absence of or lower E2 (Fig. 4E). Supportively, the epidemiological studies suggest that AR 
expression is more significantly associated with breast cancer in postmenopausal women than 
premenopausal women (Lea et al. 1989; Bieche et al. 2001; Honma et al. 2003), and up to the 
50% of the AR-positive breast cancers are ER- and/or PR-negative (Bieche et al. 2001; Brys et 

20 al. 2002). 

9. Molecules inhibiting AR activity 

1 04. Based on the understanding disclosed herein that AR has activity which is 
androgen independent, for example, not dependent on the ligand binding domain, molecules that 
target the N-terminal domain as well as the DNA binding domain (DBD) are disclosed herein as 

25 inhibitors of AR function, for example, in breast cancer. There are a variety of molecules 

disclosed herein, having the ability to inhibit AR activity which do not target or depend on the 
androgen related activity of AR. In other words, the disclosed inhibitors of AR activity will 
inhibit AR independent of androgen effects. For example, the disclosed inhibitors can be used 
when, for example, AR has become androgen insensitive and antiandrogens, such as 

30 hydroxyflutamide do not work because of the refiractory state described herein. Thus, the 

disclosed inhibitors can be used in combination with antiandrogen therapies. Any means for 
inhibiting AR can be utilized, because as is disclosed herein, there are activities of AR which are 
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androgen independent and for which inhibition of AR itself, is desirable, not just inhibition of 
the effects of androgen on AR. 

a) Functional nucleic acids 

105. Disclosed are functional nucleic acids that interact with either the mRNA, DNA, 
5 or proteins, related to AR, ARA67, GSK2B, and hRad9, for example. In certain embodiements 

the functional nucleic acids can mimic the binding of, for example, ARA67, GSK2B, or hRad9 
to AR, and they will bind AR. In other situations, the functional nucleic acids can mimic the 
binding of AR to ARA67, GSK2B, or hRad9 binding either ARA67, GSK2B, or hRad9. 

106. For example, disclosed are small ineterfering RNAs that interact with AR nucleic 
10 acid, causing a reduction in functional AR, as disclosed herein (See SEQ ED NOs;. Small 

interfering RNA (siRNA) was applied to interrupt AR expression in AR"*"'^ MCF7 cells. It was 
foimd that AR siRNA-transfected cells had a lower degree of Ri67 immimostaining, and the 
mRNA levels of Ki67 and c-myc were reduced by 42% and 81%, respectively. As Ki67 and c- 
myc are target genes of AR, this indicates that the AR was knocked down. Together, Fig. 4 
15 indicates that AR plays an essential role for the growth of breast cancers. 

b) Functional Nucleic Acids 

107. Functional nucleic acids are nucleic acid molecules that have a specific function, 
such as binding a target molecule or catalyzing a specific reaction. Functional nucleic acid 
molecules can be divided into the following categories, which are not meant to be limiting. For 

20 example, functional nucleic acids include antisense molecules, aptamers, ribozymes, triplex 

forming molecules, and external guide sequences. The functional nucleic acid molecules can act 
as affectors, inhibitors, modulators, and stimulators of a specific activity possessed by a target 
molecule, or the functional nucleic acid molecules can possess a de novo activity independent of 
any other molecules. 

25 108. Functional nucleic acid molecules can interact with any macromolecule, such as 

DNA, RNA, polypeptides, or carbohydrate chains. Thus, functional nucleic acids can interact 
with the mRNA of ### or the genomic DNA of ### or they can interact with the polypeptide 
###. Often functional nucleic acids are designed to interact with other nucleic acids based on 
sequence homology between the target molecule and the functional nucleic acid molecule. In 

30 other situations, the specific recognition between the functional nucleic acid molecule and the 
target molecule is not based on sequence homology between the functional nucleic acid 
molecule and the target molecule, but rather is based on the formation of tertiary structure that 
allows specific recognition to take place. 
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109. Antisense molecules are designed to interact with a target nucleic acid molecule 
through either canonical or non-canonical base pairing. The interaction of the antisense 
molecule and the target molecule is designed to promote the destruction of the target molecule 
through, for example, RNAseH mediated RNA-DNA hybrid degradation. Alternatively the 

5 antisense molecule is designed to interrupt a processing function that normally would take place 
on the target molecule, such as transcription or replication. Antisense molecules can be designed 
based on the sequence of the target molecule. Numerous methods for optimization of antisense 
efficiency by finding the most accessible regions of the target molecule exist. Exemplary 
methods would be in vitro selection experiments and DNA modification studies using DMS and 

10 DEPC. It is preferred that antisense molecules bind the target molecule with a dissociation 

constant (kd)less than or equal to 10"^, 10'^, 10"'°, or 10''^. A representative sample of methods 
and techniques which aid in the design and use of antisense molecules can be found in the 
following non-limiting list of United States patents: 5,135,917, 5,294,533, 5,627,158, 5,641,754, 
5,691,317, 5,780,607, 5,786,138, 5,849,903, 5,856,103, 5,919,772, 5,955,590, 5,990,088, 

15 5,994,320, 5,998,602, 6,005,095, 6,007,995, 6,013,522, 6,017,898, 6,018,042, 6,025,198, 
6,033,910, 6,040,296, 6,046,004, 6,046,319, and 6,057,437. 

110. Aptamers are molecules that interact with a target molecule, preferably in a 
specific way. Typically aptamers are small nucleic acids ranging fi-om 15-50 bases in length that 
fold into defined secondary and tertiary structures, such as stem-loops or G-quartets. Aptamers 

20 can bind small molecules, such as ATP (United States patent 5,631,146) and theophiline (United 
States patent 5,580,737), as well as large molecules, such as reverse transcriptase (United States 
patent 5,786,462) and thrombin (United States patent 5,543,293). Aptamers can bind very 
tightly with kjs firom the target molecule of less than 10"'^ M. It is preferred that the aptamers 
bind the target molecule with a less than 10"^, 10'^, 10"'", or 10''^. Aptamers can bind the 

25 target molecule with a very high degree of specificity. For example, aptamers have been isolated 
that have greater than a 10000 fold difference in binding affinities between the target molecule 
and another molecule that differ at only a single position on the molecule (United States patent 
5,543,293). It is preferred that the aptamer have a kd with the target molecule at least 10, 100, 
1000, 10,000, or 100,000 fold lower than the kd with a backgroimd binding molecule. It is 

30 preferred when doing the comparison for a polypeptide for example, that the background 

molecule be a different polypeptide. For example, when determining the specificity of AR, 
ARA67, GSK2B, hRad9, for example, aptamers, the backgroimd protein could be serum 
albumin. Representative examples of how to make and use aptamers to bind a variety of 
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different target molecules can be found in the following non-limiting list of United States 
patents: 5,476,766, 5,503,978, 5,631,146, 5,731,424 , 5,780,228, 5,792,613, 5,795,721, 
5,846,713, 5,858,660 , 5,861,254, 5,864,026, 5,869,641, 5,958,691, 6,001,988, 6,011,020, 
6,013,443, 6,020,130, 6,028,186, 6,030,776, and 6,051,698. 
5 111. Ribozymes are nucleic acid molecules that are capable of catalyzing a chemical 

reaction, either intramolecularly or intermolecularly. Ribozymes are thus catalytic nucleic acid. 
It is preferred that the ribozymes catalj^e intermolecular reactions. There are a number of 
different types of ribozymes that catalyze nuclease or nucleic acid polymerase type reactions 
which are based on ribozymes found in natural systems, such as hammerhead ribozymes, (for 

10 example, but not limited to the following United States patents: 5,334,71 1, 5,436,330, 

5,616,466, 5,633,133, 5,646,020, 5,652,094, 5,712,384, 5,770,715, 5,856,463, 5,861,288, 
5,891,683, 5,891,684, 5,985,621, 5,989,908, 5,998,193, 5,998,203, WO 9858058 by Ludwig and 
Sproat, WO 9858057 by Ludwig and Sproat, and WO 9718312 by Ludwig and Sproat) hairpin 
ribozymes (for example, but not limited to the following United States patents: 5,63 1,115, 

15 5,646,031, 5,683,902, 5,712,384, 5,856,188, 5,866,701, 5,869,339, and 6,022,962), and 

tetrahymena ribozymes (for example, but not limited to the following United States patents: 
5,595,873 and 5,652,107). There are also a number of ribozymes that are not found in natural 
systems, but which have been engineered to catalyze specific reactions de novo (for example, but 
not limited to the following United States patents: 5,580,967, 5,688,670, 5,807,718, and 

20 5,91 0,408). Preferred ribozymes cleave RNA or DNA substrates, and more preferably cleave 
RNA substrates. Ribozymes typically cleave nucleic acid substrates through recognition and 
binding of the target substrate with subsequent cleavage. This recognition is often based mostly 
on canonical or non-canonical base pair interactions. This property makes ribozymes 
particularly good candidates for target specific cleavage of nucleic acids because recognition of 

25 the target substrate is based on the target substrates sequence. Representative examples of how 
to make and use ribozymes to catalyze a variety of different reactions can be found in the 
following non-limiting Ust of United States patents: 5,646,042, 5,693,535, 5,731,295, 5,811,300, 
5,837,855, 5,869,253, 5,877,021, 5,877,022, 5,972,699, 5,972,704, 5,989,906, and 6,017,756. 

112. Triplex forming functional nucleic acid molecules are molecules that can interact 

30 with either double-stranded or single-stranded nucleic acid. When triplex molecules interact 
with a target region, a structure called a triplex is formed, in which there are three strands of 
DNA forming a complex dependant on both Watson-Crick and Hoogsteen base-pairing. Triplex 
molecules are preferred because they can bind target regions with high affinity and specificity. It 
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is preferred that the triplex forming molecules bind the target molecule with a kd less than 10"^, 
10"^, 10"'*', or 10'*^. Representative examples of how to make and use triplex forming molecules 
to bind a variety of different target molecules can be found in the following non-limiting list of 
United States patents: 5,176,996, 5,645,985, 5,650,316, 5,683,874, 5,693,773, 5,834,185, 
5 5,869,246, 5,874,566, and 5,962,426. 

113. External guide sequences (EGSs) are molecules that bind a target nucleic acid 
molecule forming a complex, and this complex is recognized by RNase P, which cleaves the 
target molecule. EGSs can be designed to specifically target a RNA molecule of choice. RNAse 
P aids in processing transfer RNA (tRNA) within a cell. Bacterial RNAse P can be recruited to 

1 0 cleave virtually any RNA sequence by using an EGS that causes the target RNA:EGS complex 
to mimic the natural tRNA substrate. (WO 92/03566 by Yale, and Forster and Altman, Science 
238:407-409 (1990)). 

114. Similarly, eukaryotic EGS/RNAse P-directed cleavage of RNA can be utilized to 
cleave desired targets within eukarotic cells. (Yuan et al., Proc. Natl. Acad. Sci. USA 89:8006- 

15 8010 (1992); WO 93/22434 by Yale; WO 95/24489 by Yale; Yuan and Altman, EMBO J 
14:159-168 (1995), and Carrara et al., Proc. Natl. Acad. Sci. (USA^ 92:2627-2631 (1995)). 
Representative examples of how to make and use EGS molecules to facilitate cleavage of a 
variety of different target molecules be foimd in the following non-limiting list of United States 
patents: 5,168,053, 5,624,824, 5,683,873, 5,728,521, 5,869,248, and 5,877,162. 
20 c) Protein and peptides inhibiting AR 

(1) Nuclear transport regulators 

(a) ARA67 functions as a repressor to suppress androgen 
receptor transactivation 

115. In order to identify proteins that are associated with ARN and possibly with AF-1 , 
25 a new yeast two-hybrid system, the CytoTrap Sos system (Statagene), was employed with full 

length ARN as bait, to screen a human prostate cDNA library. One of the clones identified was 
termed ARA67. Sequence alignment searching revealed that ARA67 matched the sequence 
encoding protein interacting with amyloid precursor protein tail 1 (PATl). ARA67/PAT1 (SEQ 
ID NO:l protein, and SEQ IDNO:2, cDNA) contains 585 amino acids with a predicted 
30 molecular weight of 66.9 kDa. It shares homology with kinesin light chain (Zheng, P. et al. 1998. 
Proc. Natl. Acad. Sci. USA 95:14745-14750), which is a molecular motor involved in the 
transportation of cargos along the microtubule. Studies have shown that ARA67/PAT1 can bind 
microtubules and is involved in amyloid precursor protein (APP) secretion (Zheng, P. et al. 
1998. Proc. Natl. Acad. Sci. USA 95:14745-14750). 
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116. Disclosed herein ARA67 is an AR interacting protein that functions as a repressor 
of AR. The mechanism of action of ARA67 is consitent with influencing the nuclear 
translocation of AR. 

117. ARA 67 was identified by performing a Cytotrap SOS two hybrid experiment 

5 with amino acids 1 -537 of SEQ ID NO:3, the ARN of AR. ARA67 was shown to bind the ARN 
specifically, not interacting with TR2, TR4, ARA55, or ARA70 in a yeast two-hybrid assay. 

118. ARA67 interacts with ARN in a DHT independent manner. ARA67 interacts 
with ARN most strongly, but also interacts with the ARDBD weakly and ARLBD moderately, 
both in vitro and in vivo. 

10 119. ARA67 represses DHT dependent AR transactivation as well as coactivator 

(ARA70N) AR transactivation. ARA67 also repressed prostate specific antigen (PSA) in 
LNCaP cells, an indication of a repression of AR activity. ARA67 represses AR activity 
approximately 2.5 times more than PR activity and ER activity was nearly unaffected by 
ARA67. 

15 120. Fragments of ARN interacted with ARA67. ARNi.ho (SEQ ID NO:3) showed 

positive interaction although not as strong as that seen in ARN full length (ARN1.556) (Fig. 1 1 A). 
These data indicate residues 1-140 within ARN are critical for the interaction with ARA67. 
Since important regions for AR transactivation within ARN are in residues 141-338, which are 
required for fiill ligand-inducible transcription, and residues 360-494, which contain the AF-1 

20 region that is also required for fiiU AR Amotion (Heinlein, C.A., et al. 2002. Endocr. Rev. 

23:175-200), the data showing that AR residues 1-140 interact with ARA67 indicate that a new 
domain within ARN can be involved in ARA67 mediated suppression on AR transactivation. 

121. The N-terminal (ARA67i.28o) and C-terminal (ARA67281-585) regions of ARA67 
can interact with ARN but the interaction is relatively weak. ARA678-i4o and ARA67281-550 

25 showed slightly stronger interaction with ARN than their bigger counterparts ARA67i.2go and 
ARA67281-585, respectively, while ARA672gi-55o was better than ARA678-i4o. Although no 
fi-agment constructs of ARA67 strongly interacted with ARN, fiiU length ARA67 showed strong 
interaction with ARN, indicating participation of different parts of ARA67 can be required for 
the interaction (Fig. 1 IB). The interaction pattern between ARA67 fi-agments and AR LBD was 

30 similar to that between ARA67 fi-agments and ARN, but ARA67 C-terminal fi-agment showed an 
interaction strength similar to full length ARA67 (Fig. 1 IC), which indicates that the interaction 
between ARA67 and AR LBD may not need the cooperation of the N- and C-termini of ARA67. 
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Amino acid sequences located within 8-140 and 339-550 of ARA67 can contribute more to its 
interaction with AR (Fig. 1 IB, 11 C). 

(b) ARA67 fragments 

122. ARA67i.55o , lacking the PEST sequence (lacks the last 35 amino acids) (Gao, Y., 
5 et al. 2001. Proc. Natl. Acad. Sci. USA 98:14979-14984) didn't show a stronger suppression 

effect than full length ARA67. As shown in Fig. 1 ID, ARA67i^i i lacking the nuclear 
localization signal (Gao, Y., et al. 2001. Proc. Natl. Acad. Sci. USA 98:14979-14984) had a 
similar suppression effect as full length ARA67 did, indicating that the nuclear localization of 
ARA67 is not critical for its effect on AR. The N-terminal (ARA67i.28o) and C-terminal 

10 (ARA6728 1-550, ARA67281-585) regions of ARA67 could also suppress AR transactivation, 

however ARA67i.28o was a better suppressor than ARA6728i-550 and ARA67281-585- Together Fig. 
1 IB-D show that both the N- and C-terminal regions of ARA67 are involved in the interaction 
with and suppression of AR, and the interaction strength is not the sole determinant of 
suppression potency. 

15 (c) Effect of ARA67 on AR 

1 23. There is an N to C terminal interaction that takes place in AR which stabilizes 
androgen binding. (Zhou, Z.X., et al. 1995. Mol. Endocrinol. 9: 208-218; Simental J.A., et al. 
1991. J. Biol. Chem. 266:510-518). It was shown herein that DHT promoted the AR N/C 
interaction, and that ARA67 slightly enhanced this association rather than reducing it. (Fig. 9B 

20 and Fig. 12 A). Furthermore, histone deacetylase (HDAc) is not involved in the ARA67 

mediated suppression on AR. Disclosed herein, it is shown that upon DHT binding to AR, AR 
translocates to the nucleus, but in the presence of ARA67 this translocation is inhibited. (Fig. 
14A). Therefore, ARA67 can block the nuclear translocation of AR. 

(2) Phosphorylation regulators 

25 1 24. The GSK3P plasmids, including wild type, constitutively active, and dominant 

negative forms, were kindly provided by J. Sadoshima, Pennsylvania State University. 

1 25. As shown in Fig. 16A, wild type (WT) GSK3/3 reduced the AR-mediated 
transcription of the luciferase reporter by about 40% (lanes 2). While inactive GSK3/3 (KM- 
GSK3i8) had only a maginal effect on AR, the constitutively active form of the GSK3jS (S9A- 

30 GSK3/3) strongly inhibited AR activity (lane 4, and 5), indicating that the kinase activity of 

GSK3i3 is necessary to suppress AR activity. Fig. 16B demonstrates that GSK3/3 inhibits DHT- 
mediated AR transactivation in a dose-dependent manner (lanes 2-5). Lithium Chloride (LiCl), a 
specific inhibitor of GSK3jS, not only abolished the inhibitory effect of GSK3j8 on AR, but also 
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slightly enhanced AR transcriptional activity. This result indicates that LiCl can block both 
exogenously transfected GSK3/3 as well as the endogenous GSK3j8 activity in COS-1 cells. The 
results from Fig. 16A to 16C indicate that GSK3j8 can selectively inhibit AR transactivaticn. 
GSK3j8 inhibits AR transactivaticn in LNCaP cells which have mutated yet functional AR. (Fig. 
5 1 7A). Endogenous PSA protein expression was induced by the treatment of LNCaP cells with 
DHT. This DHT-mediated induction of transcription from the PSA promoter by DHT was 
repressed by overexpression of wild type GSK3j8 (Fig. 17B). The results from Northern blot 
assays further demonstrated that the expression of PSA mRNA was reduced by the ectopic 
expression of GSK3j8 (Fig. 17C). Together, both reporter assay and Northern blot assay indicate 
10 that GSK3j8 inhibits AR transactivation and influences expression of the target gene downstream 
of the AR. 

(a) Glycogen synthase kinase J/3 (GSK30) 
126. Glycogen synthase kinase 30 (GSK3j8) is a serine/threonine protein kinzise that 
was first described in a metabolic pathway for glycogen synthase regulation (Cohen, P., et al. 

15 (1 978) Biochem Soe Symp 43, 69-95). It is now clear that GSK3/J is a multifunctional kinase that 
regulates a wide range of cellular processes, ranging from intermediate metabolism and gene 
expression to cell fate determination, and proliferation and survival (Hardt, S. E., et al. (2002) 
CircRes 90 (10), 1055-63, Krylova, O., et al. (2000) J Cell Biol 151 (1), 83-94, Harwood, A. J., 
et al. (1995) Cell 80 (1), 139-48, Wang, Q., et al. (2002) JBiol Chem 24, 24). GSK3/3 

20 phosphorylates a broad range of substrates, including several transcription factors such as c-myc, 
c-Jun, rat glucocorticoid receptor, heat-shock factor-l, nuclear factor of activated T-cells c, and 
P-catenin (Sears, R., et al. (2000) Genes Dev 14 (19), 2501-14, de Groot, R. P., et al. (1993) 
Oncogene 8 (4),841-7, Rogatsky, I., et al. (1998) JBiol Chem 273 (23), 1431 5-21 , He, B., et al. 
(1998) Mol Cell Biol 18 (1 1), 6624-33, Reals, C. R., et al. (1997) Science 275 (5308), 1930-4, 

25 Aberle, H., et al. (1997) Embo J 16 (13), 3797-804.). In contrast to other kinases, GSK3j8 is 

highly active in unstimulated cells and becomes inactivated in response to mitogenic stimulation 
(Cohen, P., et al. (2001) Nat Rev Mol Cell Biol 2 (10), 769-76). Growth factors down-regulate 
GSK3p activity through the PI3K/AKT signaling cascade and the MAPK/p90RSK pathway 
(Cross, D. A., et al. (1995) Nature 378 (6559), 785-9, Torres, M. A., et al. (1999) Mol Cell Biol 

30 19 (2), 1427-37). Consistent with its position downstream of the PI3K-AKT and MAPK- 
p90RSK pathways, GSK3~3 activity suppresses cell proliferation and induces apoptosis 
(Hoeflich, K. P., et al. (2000) Nature 406 (6791), 86-90, Hall, J. L., et al. (2001) Diabetes 50 (5), 
1171-9). Phosphorylation of serine-9 of GSK3P inhibits its activity by creating an inhibitory 



— 33 — 



Attorney Docket Number 21 10S.0037tJl 

pseudosubstrate for the enzyme. Conversely, mutations that prevent this phosphorylation result 
in activation of the kinase. GSK3/3 is also inhibited by Wnt signaling, which may contribute to 
progression of the prostate cancer (Chesire, D. R., et al. (2002) Oncogene 21 (17), 2679-94). 

127. Disclosed herein, GSK3P inhibits AR-dependent transactivation of several 

5 reporter genes as well as endogenous DHT-mediated PSA expression. Additionally, the data 
indicate that the effect of GSK3 P is mediated through the NH2 -terminal activation function 
(AF-1) of the AR. Moreover, the results indicate that GSKSP can interact directly with the AR 
and inhibit androgen-stimulated cell growth. These findings indicate that GSKSp can directly 
modulate AR signaling and, therefore, can play important roles in the control of the proliferation 
10 of normal and malignant androgenoregulated tissues. 

(b) GSK-3P phosphorylates the amino terminus of AR in vitro 
and inhibits the function of the ligand-independent activation 
domain (AF-1). 

128. Since the data indicate that GSKp kinase activity is necessary for inhibiting AR 
15 transactivation, the task of determining whether AR is a substrate for GSK3(3 was undertaken. 

GSK3/5 phosphorylates the N-terminal of AR (amino acids 38-560 of SEQ ID NO:3), in the AF- 
1 region. Addition of wild type GSK3/3 inhibited the constitutive transcriptional activity of 
GAL4-ARN. (Fig. 18). In contrast, GSK3/3 did not influence the activity of GAL4-AR-LBD, 
which contains the AF-2 domain. These results indicate that GSK3j8 can suppress AR 
20 transactivation via the AF-1 functional domain that is located in the AR N-terminal in vitro. 
Furthermore, GSK3/3 can interact with ARN in vitro. As demonstrated in Fig. 19C, GSK3j8 
forms a stable complex with AR, indicating that GSK3j3 can interact with AR in the same cell 
and AR could be a substrate for GSK3j8 in vivo. 

129. hiducible S9A-GSK3j8 plasmids were introduced into the androgen-dependent 
25 CWR22R cell line by stable transfection. To distinguish exogenously transfected GSK3 /8 from 

endogenous GSK3 j8 in CWR22R cells, a myc-tagged S9A-GSK3/3 was constructed in the pBIG 
vector. Doxycycline stimulated the S9A-GSK3i3 expression in CWR22R-S9A-GSK3j8 cells but 
not in the vector transfected CWR22R-pBig cells (Fig. 20A). Using a LUC reporter assay, it was 
fovmd that induction of S9A-GSK3P reduced AR transactivation by 30% while doxycycline had 
30 a marginal effect on CWR22R-pBig cells. This effect likely represents an underestimate of the 
total impact of GSK3P on AR activity since CWR22R cells express endogenous GSK3p. To 
correlate the inhibitory effect of GSK3j8 on AR with prostrate cancer cell growth, the growth of 
stable-transfected CWR22R cells was tested in an MTT assay. The MTT assay (Fig. 20C) shows 
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that addition of DHT induced cell growth in both CWR22R-pBig and CWR22R-S9A-GSK3/S 
cells. As expected, the doxycycline treatment caused obvious growth arrest in the CWR22R- 
S9A-GSK3j8 cells, but not in the CWR22R-pBig cells. Taken together, these data indicate that 
activation of GSK3j8 inhibits AR transcriptional activity and correlates with the reduced cell 

5 growth. GSK3/3 inhibited the interaction of AR with ARA70 (lane 7 vs. 5), indicating that the 
inhibition of AR transactivation by GSK3j8 can involve reduced interaction between AR and AR 
coregulators. 

130. The AR-signaling pathway can be still fiinctional in androgen-refractory cancers. 
The AR is a phosphorylated protein and its phosphorylation status is associated with its 

10 transcriptional activation. The N-terminal of AR contains the majority of the sites 

phosphorylated in vivo ^uiper, G. G., et al. (1993)Biochem J291 (Pt 1), 95-101). Alteration of 
AR phosphorylation by factors with elevated expressions in some prostate cancers may provide 
one possible mechanism involved in stimulating the progression of prostate cancer. These factors 
include cytokines, growth factors, and G-protein coupled receptors and their activity often leads 

15 to the inactivation of GSK3/3. Disclosed herein, GSK3/S modulates AR. transcriptional activity 
and phosphorlyates AR. Specifically, forced overexpression of GSK3/3 inhibits transcription of 
PSA in LNCaP prostate cancer cells. Overexpression of constitutively active S9A-GSK3/3 leads 
to the growth arrest of prostate cancer cells (Fig. 20), thus, the inhibition of GSK3j8 can 
contribute to the development and progression of androgen-independent prostate disease. 

20 Considering that PKA, Akt, and MAPK inhibit GSK3/3 (Fig. 22), the data presented here are 

consistent with what is known regarding the stimulation of prostate cancer cell growth by growth 
factors and cytokines, and fit very well with the pro-apoptotic roles of GSK3j8 in other tissues 
(Hardt, S. E., et al. (2002) Circ Res 90 (10), 1055-63, Culbert, A. A., et al. (2001) FEBSLett 507 
(3), 288-94, Pap, M., et al. (1998) Jg/o/ Chem 273 (32), 19929-32). Recent studies also 

25 demonstrate that GSK3j8 may regulate AR activity through P-catenin, an AR coactivator. 

Disclosed herein GSK3j8 directly influences AR activity, independent of the P-catenin mediated 
pathway. The interaction between AR and P-catenin is DHT-dependent, and the data 
demonstrate that the inhibition of GSK3j8 by lithium chloride increases AR transcriptional 
activity in the absence of DHT. GSK3j3 directly phosphorylates the N-terminal region ofAR. 

30 The GST-pulldown assay and co-iimnunoprecipitation assay indicate the interaction between 
GSK3/3 and AR (Fig. 19A). 

131. Disclosed herein AR phosphorylation and the resulting inhibition of AR activity 
is consistent with the blockage of DHT-induced cell growth imposed by activated GSK3/3 (Fig. 
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20). In addition, GSK3/3 is known to phophorylate many other molecules including cyclin Dl, 
cJun, and cMyc, which can lead to CDK4 and CDK6 activation these can be involved in prostate 
cancer proliferation as well. (Sears, R., et al. (2000) Genes Dev 14 (19), 2501-14, Alt, J. R., et 
al. (2000) Genes Dev 14 (24), 3102-14, Diehl, J. A., et al. (1998) Genes Dev 12 (22), 3499-511; 
5 Kokontis, J., et al. (1 994) Cancer Res 54 (6), 1 566-73, Miyoshi, Y., et al. (2000) Prostate 43 (3), 
225-32; Boyle, W. J., et al. (1991) Cell 64 (3), 573-84, Pfahl, M. (1993) Endocr Rev 14 (5), 651- 
8). Active GSK3/3 therefore, is implicated as a key factor in maintenance of the basal states of 
several important signaling pathways, and dysregulation of GSK3j8 can lead to transformation to 
malignancy. 

10 132. Disclosed are molecules that mimic or increase GSK3/3 activity, and these 

molecules can be used in the treatment of AR dependent cancers. For example, molecules that 
bind AR in a way similar to the way GSK2B binds AR can have similar inhibition activities of 
AR. 

(3) Inhibitors of the AR N/C interaction 

15 133. It's known that AR N- and C-terminus can directly interact through the LXXLL 

like motif present in AR N-terminus and AF-2 domain in AR C-terminus (He, B., et al. 1999. J. 
Biol. Chem. 274:37219-37225, He, B., et al. 2000. J. Biol. Chem. 275:22986-22994). Upon 
ligand binding, helix 12 in AR LED folds across the ligand binding pocket, which reduces the 
dissociation rate of bound androgen and helps to stabilize AR protein. AR N/C interaction 

20 stabilizes the position of helix 12 when androgen is bound to AR (Zhou, Z.X., et al. 1995. Mot. 
Endocrinol. 9: 208-218, He, B., et al. 1999. J. Biol. Chem. 274:37219-37225). Coregulators that 
influence the AR N/C interaction could affect the stability of AR and thus AR transactivation. 

134. In a yeast two hybrid screen designed to identify ligand-dependent interaction 
with AR a fragment of hRad9 was identified. This fragment was amino acids 327-391 of SEQ 

25 ID NO:7 and interacted with the AR DBD-LBD. The hRad9 fragment from yeast lies in the C- 
terminus of hRad9 and contains an FXXLF (aa.36 1-365) motif that overlaps with the potential 
nuclear localization sequence (NLS) motif (aa.356-364) (Hirai, I., and H. G. Wang,. J Biol Chem 
277:25722-7 (2002)). This fragment of hRad9 is referred to as f-hRad9 (Fig. 23B). Disclosed 
herein is the androgen-dependent interaction between AR and hRad9 in yeast. The C-terminus of 

30 hRad9 (aa 269-391) displayed a sfrong interaction with AR in the presence of androgen while 
the PCNA-like domain of hRad9 (N- hRad9, aa 1-270) did not (Fig. 25 A, lane 5 and 4, 
respectively), indicating the C-terminus of hRad9 mediates the interaction with AR. Full length 
hRad9 (FL-hRad9) was stimulated to interact with AR in the presence of androgen and was 
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inhibited by the addition of hydroxyflutamide (HF), an antagonist for AR. The interaction 
between hRad9 and AR also occurs in mammalian cells. 

1 35. In human prostate cancer samples quantitative real time PGR indicated that 
hRadP expression is reduced in neoplastic samples as compared to normal samples, in some 

5 cases. Thisis consistent with hRad9 being down regulated in prostate cancers and in a subset of 
prostate cancers, 

(a) Rad family of proteins 

136. Unrepaired DNA lesions, arising from either intrinsic or exogenous sources, lead 
to genomic instability and consequently contribute to the development of cancers (Hartwell, L. 

10 H., and M. B. Kastan, Science 266:1821-8 (1994)). Cell cycle checlqjoints and DNA repair are 
the primary defenses against genomic instability (Hagmann, M., Science 286:2433-4 (1999), 
Hartwell, L. H., and M. B. Kastan, Science 266:1821-8 (1994), Nyberg, K. A., et al., Annu Rev 
Genet 36:617-56 (2002)). hRad9, a member of the Rad family of checkpoint proteins, is 
involved in detection of DNA damage, cell cycle arrest, and DNA repair (Bessho, T., and A. 

15 Sancar.,. J Biol Chem 275:7451-4 (2000), Greer, D. A., et al., p. 4829-35, Cancer Res, vol. 63 
(2003), Lieberman, H. B., et al., Proc Natl Acad Sci U S A 93:13890-5 (1996), Weinert, T. A., 
and L. H. Hartwell, Science 241 :3 17-22 (1988)). The N-terminus of hRad9 shares a region of 
sequence similarity to the proliferating cell nuclear antigen (PCNA) and associates with Radl 
and Husl in a head-to-tail maimer, thus forming a stable heterotrimeric DNA sliding clamp 

20 (Venciovas, C, and M. P. Thelen, Nucleic Acids Res 28:2481-93 (2000), Volkmer, E., and L. 
M. Kamitz, J Biol Chem 274:567-70 (1999), Zou, L., et al.. Genes Dev 16:198-208 (2002)). 
Recent studies suggest hRad9 may interact with the anti-apoptotic Bcl-2 family proteins, Bcl-2 
and Bcl-xL, through a BH3 domain at its N-terminus (Komatsu, K., et al., Nat Cell Biol 2:1-6 
(2000), Yoshida, K., et al., Mol Cell Biol 22:3292-300 (2002)). Therefore, in addition to its 

25 previously reported checkpoint-control functions, hRad9 may play a role in regulating apoptosis. 

137. Disclosed herein hRad9 interacts with AR in an androgen-dependent manner. It is 
shown that the FXXLF motif at the C-terminus of hRad9 mediates the interaction with the AR 
LBD. The results also show that hRad9 down-regulates AR transcriptional activation through 
blocking the N/C interaction of AR. This is an embodiment of checkpoint proteins crosstalking 

30 with AR signaling in prostate cancers. 

(b) Domains of AR Involved in Binding to hRad9 

138. The amino acid 327 to 391 fragment of hRad9 interacted with the AR-DBD-LBD 
and AR-LBD, but very little with the AR-DBD in the presence of DHT. However, the 
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interaction was stronger with the AR-DBD-LBD than with the LBD alone, and this could 
indicate the DBD aids in the folding of the LBD in yeast. 

(c) FXXLF Motif Mediates AR-hRad9 Interaction 

139. The LXXLL motif was first identified in some steroid receptor coactivators 

5 (Heery, D. M., et al.. Nature 387:733-6 (1997)). However, among steroid receptors, AR appears 
to be relatively unique as it interacts with only a very limited subset of LXXLL sequences 
(Chang, C. Y., and D. P. McDonnell., Mol Endocrinol 16:647-60 (2002)). Previous studies 
showed that the FXXLF motif plays important roles in mediating the interaction of the AR LBD 
with several FXXLF-containing AR coregulators (He, B., et al., J Biol Chem 275:22986-94 

1 0 (2000); He, B., et al., J Biol Chem 277: 1 0226-35 (2002)). Interestingly, one FXXLF motif is 

located at the carboxyl-terminus of hRad9 (aa 361-365). Mutations of the FXXLF motif in Rad9 
decreased dramatically the interaction between AR and the fragment of hRad9 (aa 327-391), 
shown by either the AXXLF or FXXAA mutants (Fig. 27 A, lane 3, 4 vs. lane 2, closed bars). 
Similarly, AXXLF or FXXAA mutants reduced the interaction between AR and full-length 

15 hRad9 (Fig. 27B, lane 3, 4 vs. lane 2, closed bars), indicating this FXXLF motif is critical for 
hRad9 to interact with AR. Small hRad9 FXXLL peptides (Fig. 27C) (PKKFRSLFFGSI, SEQ 
ID NO:22) interacted with AR, indicating that the FXXLL in hRad9 with a few amino acids 
surrounding this sequence was sufficient to mediate the interaction between hRad9 and AR 
(Another FXXLL peptide, is D30, HPTHSSRLWELLMEATPTM, SEQ ID NO:23). 

20 (d) hRad9 Specifically Represses AR-mediated Transactivation 

140. Wild type hRad9 with decreased the transcriptional activity of AR in a dose- 
dependent manner (Fig. 28A, lanes 3-5), whereas FXXAA mutants had only marginal effect on 
AR transactivation (Fig. 28 A, lanes 6-8). Neither wild type (WT) nor FXXAA mutant of hRad9 
had an effect on the transcriptional activity in the absence of 10 nM DHT, indicating that they do 

25 not affect the basal transcriptional activity. These results were obtained in both PC-3 and 
LNCaP cells. 

141 . Molecules designed to inhibit hRad9 (siRNA for hRad9) decreased the hRad9 
protein levels and in bothCWR22R cells and PC-3 cells, in the presence of siRNA for hRad9, 
transactivation due to AR increased. Fvulhermore, addition of hRad9 decreased the production 

30 of PSA in LNCaP cells after inducement with DHT. 

142. The FXXLF motif in AR N-terminus is important for interacting with the C- 
terminus of AR and this interaction is required for fiiU capacity of AR transactivation (Hsu, C. 
L., et al., J Biol Chem 278:23691-8 (2003)). Disclosed herein one mechanism by which hRad9 
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can affect the tranactivation activity of AR is through disruption of the AR N/C interaction by 
the hRad9 FXXLF motif might. 

(4) Antibodies 

143. Disclosed are antibodies that bind the ARA67, AR, GSK2B, or hRad9, for 

5 example. In certain embodiments, the antibodies bind AR, such that the antibodies mimic the 
binding of ARA67, GSK2B, or hRad9 to AR. This mimicking can occur through, for example, 
competively binding with ARA 67, GSK2B, or hRad9. These antibodies can be isolated by for 
example, raising antibodies to AR, as disclosed herein, and then assaying the hybridomas for 
antibodies that are competed off with ARA67, GSK2B, or hRad9, for example. The antibodies 
10 can also be identified by assaying their performance in the disclosed AR activity assays herein, 
and comparing that activity in tehpresence ofteh antibody to, for example, the activity in the 
presence of ARA67, GSK2B, or hRad9, for example. 

(a) Antibodies Generally 

144. The term "antibodies" is used herein in a broad sense and includes both 

IS polyclonal and monoclonal antibodies. In addition to intact immimoglobulin molecules, also 
included in the term "antibodies" are firagments or polymers of those immunoglobulin 
molecules, and human or humanized versions of immunoglobulin molecules or fragments 
thereof, as described herein. The antibodies are tested for their desired activity using the in vitro 
assays described herein, or by analogous methods, after which their in vivo therapeutic and/or 

20 prophylactic activities are tested according to known clinical testing methods. 

145. As used herein, the term "antibody" encompasses, but is not limited to, whole 
immunoglobulin (i.e., an intact antibody) of any class. Native antibodies are usually 
heterotetrameric glycoproteins, composed of two identical light (L) chains and two identical 
heavy (H) chains. Typically, each light chain is linked to a heavy chain by one covalent disulfide 

25 bond, while the number of disulfide linkages varies between the heavy chains of different 
immunoglobulin isotypes. Each heavy and light chain also has regularly spaced intrachain 
disulfide bridges. Each heavy chain has at one end a variable domain (V (H)) followed by a 
number of constant domains. Each light chain has a variable domain at one end (V (L)) and a 
constant domain at its other end; the constant domain of the light chain is ahgned with the first 

30 constant domain of the heavy chain, and the light chain variable domain is aligned with the 
variable domain of the heavy chain. Particular amino acid residues are believed to form an 
interface between the light and heavy chain variable domains. The light chains of antibodies 
from any vertebrate species can be assigned to one of two clearly distinct types, called kappa (k) 
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and lambda (1), based on the amino acid sequences of their constant domains. Depending on the 
amino acid sequence of the constant domain of their heavy chains, iramunoglobuUns can be 
assigned to different classes. There are five major classes of human immunoglobulins: IgA, IgD, 
IgE, IgG and IgM, and several of these maybe further divided into subclasses (isotypes), e.g., 
5 IgG-1 , IgG-2, IgG-3, and IgG-4; IgA-1 and IgA-2. One skilled in the art would recognize the 

comparable classes for mouse. The heavy chain constant domains that correspond to the different 
classes of immunoglobulins are called alpha, delta, epsilon, gamma, and mu, respectively. 

146. The term "variable" is used herein to describe certain portions of the variable 
domains that differ in sequence among antibodies and are used in the binding and specificity of 

10 each particular antibody for its particular antigen. However, the variability is not usually evenly 
distributed through the variable domains of antibodies. It is typically concentrated in three 
segments called complementarity determining regions (CDRs) or hypervariable regions both in 
the light chain and the heavy chain variable domains. The more highly conserved portions of the 
variable domains are called the fi^amework (FR). The variable domains of native heavy and light 

15 chains each comprise four FR regions, largely adopting a b-sheet configuration, connected by 
three CDRs, which form loops connecting, and in some cases forming part of, the b-sheet 
structure. The CDRs in each chain are held together in close proximity by the FR regions and, 
with the CDRs fijom the other chain, contribute to the formation of the antigen binding site of 
antibodies (see Kabat E. A. et al., "Sequences of Proteins of Immunological Interest," National 

20 Institutes of Health, Bethesda, Md. (1987)). The constant domains are not involved directly in 
binding an antibody to an antigen, but exhibit various effector fiinctions, such as participation of 
the antibody in antibody-dependent cellular toxicity. 

147. As used herein, the term "antibody or fragments thereof encompasses chimeric 
antibodies and hybrid antibodies, with dual or multiple antigen or epitope specificities, and 

25 fi-agments, such as scFv, sFv, F (ab')2. Fab', Fab and the like, including hybrid fi-agments. Thus, 
fi"agments of the antibodies that retain the ability to bind their specific antigens are provided. 
For example, fi-agments of antibodies which maintain ARA67, AR, GSK2B, or hRad9, for 
example, binding activity or mimic ARA67, AR, GSK2B, or hRad9, for example, binding 
activity are included within the meaning of the term "antibody or fi-agment thereof." Such 

30 antibodies and fi-agments can be made by techniques known in the art and can be screened for 
specificity and activity according to the methods set forth in the Examples and in general 
methods for producing antibodies and screening antibodies for specificity and activity (See 
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Harlow and Lane. Antibodies, A Laboratory Manual. Cold Spring Harbor Publications, New 
York, (1988)). 

148. Also included within the meaning of "antibody or fragments thereof are 
conjugates of antibody fragments and antigen binding proteins (single chain antibodies) as 

5 described, for example, in U.S. Pat. No. 4,704,692, the contents of which are hereby 
incorporated by reference. 

149. The fragments, whether attached to other sequences or not, can also include 
insertions, deletions, substitutions, or other selected modifications of particular regions or 
specific amino acids residues, provided the activity of the antibody or antibody fragment is not 

10 significantly altered or impaired compared to the non-modified antibody or antibody fragment. 
These modifications can provide for some additional property, such as to remove/add amino 
acids capable of disulfide bonding, to increase its bio-longevity, to alter its secretory 
characteristics, etc. In any case, the antibody or antibody fragment must possess a bioactive 
property, such as specific binding to its cognate antigen. Functional or active regions of the 

1 5 antibody or antibody fragment may be identified by mutagenesis of a specific region of the 
protein, followed by expression and testing of the expressed polypeptide. Such methods are 
readily apparent to a skilled practitioner in the art and can include site-specific mutagenesis of 
the nucleic acid encoding the antibody or antibody fragment. (ZoUer, M.J. Curr. Opin. 
Biotechnol. 3:348-354, 1992). 

20 150. As used herein, the term "antibody" or "antibodies" can also refer to a hviman 

antibody and/or a humanized antibody. Many non-human antibodies (e.g., those derived from 
mice, rats, or rabbits) are naturally antigenic in humans, and thus can give rise to undesirable 
immune responses when administered to humans. Therefore, the use of human or humanized 
antibodies in the methods of the invention serves to lessen the chance that an antibody 

25 administered to a human will evoke an undesirable immune response. 

(b) Human antibodies 

151. The human antibodies of the invention can be prepared using any technique. 
Examples of techniques for human monoclonal antibody production include those described by 
Cole et al. (Monoclonal Antibodies and Cancer Therapy, Alan R. Liss, p. 77, 1985) and by 
30 Boemer et al. {J. Immunol., 147 (l):86-95, 1991). Human antibodies of the invention (and 
fi:agments thereof) can also be produced using phage display libraries (Hoogenboom et al., J. 
Mol. Biol., 227:381, 1991; Marks et al., J. Mol. Biol, 222:581, 1991). 
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152. The human antibodies of the invention can also be obtained from transgenic 
animals. For example, transgenic, mutant mice that are capable of producing a full repertoire of 
human antibodies, in response to immunization, have been described (see, e.g., Jakobovits et al., 
Proc. Natl. Acad. Sci. USA, 90:2551-255 (1993); Jakobovits et al.. Nature, 362:255-258 (1993); 

5 Bruggermann et al.. Year in Immunol., 7:33 (1993)). Specifically, the homozygous deletion of 
the antibody heavy chain joining region (J (H)) gene in these chimeric and germ-line mutant 
mice results in complete inhibition of endogenous antibody production, and the successfiil 
transfer of the human germ-line antibody gene array into such germ-line mutant mice results in 
the production of human antibodies upon antigen challenge. Antibodies having the desired 
10 activity are selected using Env-CD4-co-receptor complexes as described herein. 

(c) Humanized antibodies 

153. Optionally, the antibodies are generated in other species and "humanized" for 
administration in humans. Himianized forms of non-human (e.g., murine) antibodies are 
chimeric immunoglobulins, inrunimoglobulin chains or fragments thereof (such as scFv, sFv, Fv, 

15 Fab, Fab', F (ab')2, or other antigen-binding subsequences of antibodies) which contain minimal 
sequence derived from non-human immunoglobulin. Humanized antibodies include human 
immunoglobulins (recipient antibody) in which residues from a complementary determining 
region (CDR) of the recipient are replaced by residues from a CDR of a non-human species 
(donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity and capacity. 

20 In some instances, Fv framework residues of the human immunoglobulin are replaced by 

corresponding non-human residues. Humanized antibodies may also comprise residues that are 
found neither in the recipient antibody nor in the imported CDR or framework sequences. In 
general, the humanized antibody will comprise substantially all of at least one, and typically two, 
variable domains, in which all or substantially all of the CDR regions correspond to those of a 

25 non-human immunoglobulin and all or substantially all of the FR regions are those of a human 
immimoglobulin consensus sequence. The humanized antibody optimally also will comprise at 
least a portion of an immunoglobulin constant region (Fc), typically that of a human 
immunoglobulin (Jones et al.. Nature, 321:522-525 (1986); Riechmann et al.. Nature, 332:323- 
327 (1988); and Presta, Curr. Op. Struct. Biol., 2:593-596 (1992)). 

30 1 54. Methods for humanizing non-human antibodies are well known in the art. 

Generally, a humanized antibody has one or more amino acid residues introduced into it from a 
source that is non-human. These non-human amino acid residues are often referred to as 
"import" residues, which are typically taken from an "import" variable domain. Humanization 
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can be essentially performed following the method of Winter and co-workers (Jones et al., 
Nature, 321:522-525 (1986); Riechmann et al.. Nature, 332:323-327 (1988); Verhoeyen et al.. 
Science, 239:1534-1536 (1988)), by substituting rodent CDRs or CDR sequences for the 
corresponding sequences of a human antibody. Accordingly, such "humanized" antibodies are 
5 chimeric antibodies (U.S. Pat. No. 4,816,567), wherein substantially less than an intact human 
variable domain has been substituted by the corresponding sequence from a non-human species. 
In practice, humanized antibodies are typically human antibodies in which some CDR residues 
and possibly some FR residues are substituted by residues from analogous sites in rodent 
antibodies. 

10 155. The choice of human variable domains, both light and heavy, to be used in 

making the humanized antibodies is very important in order to reduce antigenicity. According to 
the "best-fit" method, the sequence of the variable domain of a rodent antibody is screened 
against the entire library of known human variable domain sequences. The human sequence 
which is closest to that of the rodent is then accepted as the human framework (FR) for the 

15 humanized antibody (Sims et al., J. Immunol., 151:2296 (1993) and Chothia et al., J. Mol. Biol., 
196:901 (1987)). Another method uses a particular framework derived from the consensus 
sequence of all human antibodies of a particular subgroup of light or heavy chains. The same 
framework may be used for several different humanized antibodies (Carter et al., Proc. Natl. 
Acad. Sci. USA, 89:4285 (1992); Presta et al., J. Immunol., 151:2623 (1993)). 

20 1 56. It is ftirther important that antibodies be hiunanized with retention of higji affinity 

for the antigen and other favorable biological properties. To achieve this goal, according to a 
preferred method, humanized antibodies are prepared by a process of analysis of the parental 
sequences and various conceptual humanized products using three dimensional models of the 
parental and humanized sequences. Three dimensional immunoglobulin models are commonly 

25 available and are familiar to those skilled in the art. Computer programs are available which 

illustrate and display probable three-dimensional conformational structures of selected candidate 
immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the 
residues in the frinctioning of the candidate immunoglobulin sequence, i.e., the analysis of 
residues that infiuence the ability of the candidate immunoglobulin to bind its antigen. In this 

30 way, FR residues can be selected and combined from the consensus and import sequence so that 
the desired antibody characteristic, such as increased affinity for the target antigen (s), is 
achieved. In general, the CDR residues are directly and most substantially involved in 
influencing antigen binding (see, WO 94/04679, published 3 March 1994). 
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(d) Monoclonal Antibodies 

157. The term "monoclonal antibody" as used herein refers to an antibody obtained 
from a substantially homogeneous population of antibodies, i.e., the individual antibodies within 
the population are identical except for possible naturally occurring mutations that may be present 

5 in a small subset of the antibody molecules. The monoclonal antibodies herein specifically 

include "chimeric" antibodies in which a portion of the heavy and/or light chain is identical with 
or homologous to corresponding sequences in antibodies derived from a particular species or 
belonging to a particular antibody class or subclass, while the remainder of the chain (s) is 
identical with or homologous to corresponding sequences in antibodies derived from another 
10 species or belonging to another antibody class or subclass, as well £is fragments of such 

antibodies, as long as they exhibit the desired antagonistic activity (See, U.S. Pat. No. 4,816,567 
and Morrison et al., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). 

158. Monoclonal antibodies of the invention can be prepared using hybridoma 
methods, such as those described by Kohler and Milstein, Nature, 256:495 (1975). In a 

15 hybridoma method, a mouse or other appropriate host animal is typically immunized with an 

immunizing agent to elicit lymphocytes that produce or are capable of producing antibodies that 
will specifically bind to the immunizing agent. Alternatively, the lymphocytes may be 
immunized in vitro, e.g., using the complexes described herein. 

159. Transgenic animals (e.g., mice) that are capable, upon immunization, of 

20 producing a full repertoire of human antibodies in the absence of endogenous immunoglobulin 
production can be employed. For example, it has been described that the homozygous deletion 
of the antibody heavy chain joining region (J (H)) gene in chimeric and germ-line mutant mice 
results in complete inhibition of endogenous antibody production. Transfer of the human germ- 
line immunoglobulin gene array in such germ-line mutant mice will result in the production of 

25 human antibodies upon antigen challenge (see, e.g., Jakobovits et al., Proc. Natl. Acad. Sci. 
USA, 90:2551-255 (1993); Jakobovits et al.. Nature, 362:255-258 (1993); Bruggemann et al., 
Year in Immuno., 7:33 (1993)). Human antibodies can also be produced in phage display 
libraries (Hoogenboom et al., J. Mol. Biol., 227:381 (1991); Marks et al., J. Mol. Biol., 222:581 
(1991)). The techniques of Cote et al. and Boemer et al. are also available for the preparation of 

30 human monoclonal antibodies (Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R. 
Liss, p. 77 (1985); Boemer et al., J. Immunol., 147 (l):86-95 (1991)). 

160. Generally, either peripheral blood lymphocytes ("PBLs") are used in methods of 
producing monoclonal antibodies if cells of human origin are desired, or spleen cells or lymph 
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node cells are used if non-human mammalian sources are desired. The lymphocytes are then 
fused with an immortalized cell line using a suitable fusing agent, such as polyethylene glycol, to 
form a hybridoma cell (Goding, "Monoclonal Antibodies: Principles and Practice" Academic 
Press, (1986) pp. 59-103). hnmortalized cell lines are usually transformed mammalian cells, 
5 including myeloma cells of rodent, bovine, equine, and human origin. Usually, rat or mouse 
myeloma cell lines are employed. The hybridoma cells may be cultured in a suitable culture 
medium that preferably contains one or more substances that inhibit the growth or survival of the 
unfused, immortalized cells. For example, if the parental cells lack the enzyme hypoxanthine 
guanine phosphoribosyl transferase (HGPRT or HPRT), the culture medium for the hybridomas 

10 typically will include hypoxanthine, aminopterin, and thymidine ("HAT medium"), which 

substances prevent the growth of HGPRT-deficient cells. Preferred immortalized cell lines are 
those that fuse efficiently, support stable high level expression of antibody by the selected 
antibody-producing cells, and are sensitive to a mediimi such as HAT medium. More preferred 
immortalized cell lines are murine myeloma lines, which can be obtained, for instance, from the 

15 Salk Institute Cell Distribution Center, San Diego, Calif, and the American Type Culture 

Collection, Rockville, Md. Human myeloma and mouse-human heteromyeloma cell lines also 
have been described for the production of human monoclonal antibodies (Kozbor, J. Immunol., 
133:3001 (1984); Brodevir et al., "Monoclonal Antibody Production Techniques and 
Applications" Marcel Dekker, Inc., New York, (1987) pp. 51-63). The culture medium in which 

20 the hybridoma cells are cultured can then be assayed for the presence of monoclonal antibodies 
directed against ARA67, AR, GSK2B, or hRad9, for example. Preferably, the binding 
specificity of monoclonal antibodies produced by the hybridoma cells is determined by 
immunoprecipitation or by an in vitro binding assay, such as radioimmunoassay (RIA) or 
enzyme-linked immunoabsorbent assay (ELISA). Such techniques and assays are known in the 

25 art, and are described further in the Examples below or in Harlow and Lane "Antibodies, A 
Laboratory Manual" Cold Spring Harbor Publications, New York, (1988). 

161 . After the desired hybridoma cells are identified, the clones may be subcloned by 
limiting dilution or FACS sorting procedures and grown by standard methods. Suitable culture 
media for this purpose include, for example, Dulbecco's Modified Eagle's Medium and RPMI- 

30 1640 medium. Alternatively, the hybridoma cells may be grown in vivo as ascites in a mammal. 

1 62. The monoclonal antibodies secreted by the subclones may be isolated or purified 
from the culture medium or ascites fluid by conventional immunoglobulin purification 
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procedures such as, for example, protein A-Sepharose, protein G, hydroxylapatite 
chromatography, gel electrophoresis, dialysis, or affinity chromatography. 

163. The monoclonal antibodies may also be made by recombinant DNA methods, 
such as those described in U.S. Pat. No. 4,816,567 (Cabilly et al.). DNA encoding the 

5 monoclonal antibodies of the invention can be readily isolated and sequenced using conventional 
procedures (e.g., by using oligonucleotide probes that are capable of binding specifically to 
genes encoding the heavy and light chains of murine antibodies). Libraries of antibodies or 
active antibody fragments can also be generated and screened using phage display techniques, 
e.g., as described in U.S. Patent No. 5,804,440 to Burton et al. and U.S. Patent No. 6,096,441 to 
10 Barbasetal. 

164. In vitro methods are also suitable for preparing monovalent antibodies. Digestion 
of antibodies to produce fragments thereof, particularly. Fab fragments, can be accomplished 
using routine techniques known in the art. For instance, digestion can be performed using 
papain. Examples of papain digestion are described in WO 94/29348 published Dec. 22, 1994 

15 and U.S. Pat. No. 4,342,566. Papain digestion of antibodies typically produces two identical 
antigen binding fragments, called Fab fragments, each with a single antigen binding site, and a 
residual Fc fragment. Pepsin treatment yields a fragment that has two antigen combining sites 
and is still capable of cross-linking antigen. 

(e) Antibody fragments 

20 165. Also disclosed are fragments ofantibodies which have bioactivity. The 

polypeptide fragments of the present invention can be recombinant proteins obtained by cloning 
nucleic acids encoding the polypeptide in an expression system capable of producing the 
polypeptide fragments thereof, such as an adenovirus or baculovirus expression system. For 
example, one can determine the active domain of an antibody from a specific hybridoma that can 
25 cause a biological effect associated with the interaction of the antibody with ARA67, AR, 

GSK2B, hRad9, TR2, or TR4, for example. For example, amino acids found to not contribute to 
either the activity or the binding specificity or affinity of the antibody can be deleted without a 
loss in the respective activity. For example, in various embodiments, amino or carboxy-terminal 
amino acids are sequentially removed from either the native or the modified non- 
30 immunoglobulin molecule or the immunoglobulin molecule and the respective activity assayed 
in one of many available assays. In another example, a fragment of an antibody comprises a 
modified antibody wherein at least one amino acid has been substituted for the naturally 
occurring amino acid at a specific position, and a portion of either amino terminal or carboxy 
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terminal amino acids, or even an internal region of the antibody, has been replaced with a 
polypeptide fragment or other moiety, such as biotin, which can facilitate in the purification of 
the modified antibody. For example, a modified antibody can be fused to a maltose binding 
protein, through either peptide chemistry or cloning the respective nucleic acids encoding the 
5 two polypeptide fragments into an expression vector such that the expression of the coding 

region results in a hybrid polypeptide. The hybrid polypeptide can be affinity purified by passing 
it over an amylose affinity column, and the modified antibody receptor can then be separated 
from the maltose binding region by cleaving the hybrid polypeptide with the specific protease 
factor Xa. (See, for example. New England Biolabs Product Catalog, 1996, pg. 164.). Similar 
10 purification procedures are available for isolating hybrid proteins firom eukaryotic cells as well. 

166. The fi-agments, whether attached to other sequences or not, include insertions, 
deletions, substitutions, or other selected modifications of particular regions or specific amino 
acids residues, provided the activity of the fragment is not significantly altered or impaired 
compared to the nonmodified antibody or antibody fragment. These modifications can provide 

15 for some additional property, such as to remove or add amino acids capable of disulfide bonding, 
to increase its bio-longevity, to alter its secretory characteristics, etc. In any case, the fragment 
must possess a bioactive property, such as binding activity, regulation of binding at the binding 
domain, etc. Functional or active regions of the antibody may be identified by mutagenesis of a 
specific region of the protein, followed by expression and testing of the expressed polypeptide. 

20 Such methods are readily apparent to a skilled practitioner in the art and can include site-specific 
mutagenesis of the nucleic acid encoding the antigen. (ZoUer MJ et al. Nucl. Acids Res. 
10:6487-500(1982). 

167. A variety of immunoassay formats may be used to select antibodies that 
selectively bind with a particular protein, variant, or firagment. For example, solid-phase ELISA 

25 immunoassays are routinely used to select antibodies selectively immunoreactive with a protein, 
protein variant, or firagment thereof. See Harlow and Lane. Antibodies, A Laboratory Manual. 
Cold Spring Harbor Publications, New York, (1988), for a description of immunoassay formats 
and conditions that could be used to determine selective binding. The binding affinity of a 
monoclonal antibody can, for example, be determined by the Scatchard analysis of Mimson et 

30 al.. Anal. Biochem., 107:220 (1980). 

(f) Administration of antibodies 

1 68. Antibodies of the invention are preferably administered to a subject in a 
pharmaceutically acceptable carrier. Suitable carriers and their formulations are described in 



_47_ 



Attorney Docket Number 21108.0037U1 

Remington: The Science and Practice of Pharmacy ('1 9th ed.) ed. A.R. Gennaro, Mack 
Publishing Company, Easton, PA 1995. Typically, an appropriate amount of a pharmaceutically- 
acceptable salt is used in the formulation to render the formulation isotonic. Examples of the 
pharmaceutically-acceptable carrier include, but are not limited to, saline. Ringer's solution and 
5 dextrose solution. The pH of the solution is preferably from about 5 to about 8, and more 

preferably from about 7 to about 7.5. Further carriers include sustained release preparations such 
as semipermeable matrices of solid hydrophobic polymers containing the antibody, which 
matrices are in the form of shaped articles, e.g., films, liposomes or microparticles. It will be 
apparent to those persons skilled in the art that certain carriers may be more preferable 
10 depending upon, for instance, the route of administration and concentration of antibody being 
administered. 

169. The antibodies can be administered to the subject, patient, or cell by injection 
(e.g., intravenous, intraperitoneal, subcutaneous, intramuscular), or by other methods such as 
infusion that ensure its delivery to the bloodstream in an effective form. Local or intravenous 

15 injection is preferred. 

170. Effective dosages and schedules for administering the antibodies may be 
determined empirically, and making such determinations is within the skill in the art. Those 
skilled in the art will imderstand that the dosage of antibodies that must be administered will 
vary depending on, for example, the subject that will receive the antibody, the route of 

20 administration, the particular type of antibody used and other drugs being administered. 

Guidance in selecting appropriate doses for antibodies is found in the literature on therapeutic 
uses of antibodies, e.g.. Handbook of Monoclonal Antibodies, Ferrone et al., eds., Noges 
Publications, Park Ridge, N.J., (1985) ch. 22 and pp. 303-357; Smith et al.. Antibodies in 
Human Diagnosis and Therapy, Haber et al., eds.. Raven Press, New York (1977) pp. 365-389. 

25 A typical daily dosage of the antibody used alone might range from about 1 ^ig/kg to up to 100 
mg/kg of body weight or more per day, depending on the factors mentioned above. 

(g) Nucleic acid approaches for antibody delivery 

171 . The ARA67, AR, GSK2B, hRad9, TR2, or TR4, for example, antibodies and 
antibody fragments of the invention can also be administered to patients or subjects as a nucleic 

30 acid preparation (e.g., DNA or RNA) that encodes the antibody or antibody fragment, such that 
the patient's or subject's own cells take up the nucleic acid and produce and secrete the encoded 
antibody or antibody fragment. 
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d) Compositions identifled by screening with disclosed compositions / 
combinatorial chemistry 

(1) Combinatorial chemistry 

1 72. The disclosed compositions can be used as targets for any combinatorial 

5 technique to identify molecules or macromolecular molecules that interact with the disclosed 
compositions in a desired way. The nucleic acids, peptides, and related molecules disclosed 
herein can be used as targets for the combinatorial approaches. Also disclosed are the 
compositions that are identified through combinatorial techniques or screening techniques in 
which the compositions have the sequences disclosed herein, or portions thereof, are used as the 
10 target in a combinatorial or screening protocol. 

173. It is understood that when using the disclosed compositions in combinatorial 
techniques or screening methods, molecules, such as macromolecular molecules, will be 
identified that have particular desired properties such as inhibition or stimulation or the target 
molecule's flmction. The molecules identified and isolated when using the disclosed 

15 compositions, such as, ARA67, AR, GSKB2, or hRad9, for example, are also disclosed. Thus, 
the products produced using the combinatorial or screening approaches that involve the 
disclosed compositions, such as, ARA67, AR, GSKB2, or hRad9, for example, are also 
considered herein disclosed. 

1 74. Combinatorial chemistry includes but is not limited to all methods for isolating 
20 small molecules or macromolecules that are capable of binding either a small molecule or 

another macromolecule, typically in an iterative process. Proteins, oligonucleotides, and sugars 
are examples of macromolecules. For example, oligonucleotide molecules with a given 
function, catalytic or ligand-brnding, can be isolated from a complex mixture of random 
oligonucleotides in what has been referred to as "in vitro genetics" (Szostak, TIBS 19:89, 1992). 

25 One synthesizes a large pool of molecules bearing random and defined sequences and subjects 
that complex mixture, for example, approximately lO'^ individual sequences in 100 ^g of a 100 
nucleotide RNA, to some selection and enrichment process. Through repeated cycles of affinity 
chromatography and PCR amplification of the molecules bound to the ligand on the column, 
Ellington and Szostak (1990) estimated that 1 in lO'" RNA molecules folded in such a way as to 

30 bind a small molecule dyes. DNA molecules with such ligand-binding behavior have been 
isolated as well (Ellington and Szostak, 1992; Bock et al, 1992). Techniques aimed at similar 
goals exist for small organic molecules, proteins, antibodies and other macromolecules known to 
those of skill in the art. Screening sets of molecules for a desired activity whether based on 
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small organic libraries, oligonucleotides, or antibodies is broadly referred to as combinatorial 
chemistry. Combinatorial techniques are particularly suited for defining binding interactions 
between molecules and for isolating molecules that have a specific binding activity, often called 
aptamers when the macromolecules are nucleic acids. 
5 175. There are a number of methods for isolating proteins which either have de novo 

activity or a modified activity. For example, phage display libraries have been used to isolate 
numerous peptides that interact with a specific target. (See for example. United States Patent 
No. 6,031,071; 5,824,520; 5,596,079; and 5,565,332 which are herein incorporated by reference 
at least for their material related to phage display and methods relate to combinatorial chemistry) 

10 176. A preferred method for isolating proteins that have a given fimction is described 

by Roberts and Szostak (Roberts R.W. and Szostak J.W. Proc. Natl. Acad. Sci. USA, 94 
(23)12997-302 (1997). This combinatorial chemistry method couples the fiinctional power of 
proteins and the genetic power of nucleic acids. An RNA molecule is generated in which a 
puromycin molecule is covalently attached to the 3 '-end of the RNA molecule. An in vitro 

15 translation of this modified RNA molecule causes the correct protein, encoded by the RNA to be 
translated. In addition, because of the attachment of the piu-omycin, a peptdyl acceptor which 
cannot be extended, the growing peptide chain is attached to the puromycin which is attached to 
the RNA. Thus, the protein molecule is attached to the genetic material that encodes it. Normal 
in vitro selection procedures can now be done to isolate fiinctional peptides. Once the selection 

20 procedure for peptide fimction is complete traditional nucleic acid manipulation procedures are 
performed to amplify the nucleic acid that codes for the selected fimctional peptides. After 
amplification of the genetic material, new RNA is transcribed with puromycin at the 3 '-end, new 
peptide is translated and another functional round of selection is performed. Thus, protein 
selection can be performed in an iterative manner just like nucleic acid selection techniques. 

25 The peptide which is translated is controlled by the sequence of the RNA attached to the 

puromycin. This sequence can be anything from a random sequence engineered for optimum 
translation (i.e. no stop codons etc.) or it can be a degenerate sequence of a known RNA 
molecule to look for improved or altered fimction of a known peptide. The conditions for 
nucleic acid amplification and in vitro translation are well known to those of ordinary skill in the 

30 art and are preferably performed as in Roberts and Szostak (Roberts R.W. and Szostak J.W. 
Proc. Natl. Acad. Sci. USA, 94 (23)12997-302 (1997)). 

177. Another preferred method for combinatorial methods designed to isolate peptides 
is described in Cohen et al. (Cohen B.A.,et al., Proc. Natl. Acad. Sci. USA 95 (24): 14272-7 
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(1998)). This method utilizes and modifies two-hybrid technology. Yeast two-hybrid systems 
are useful for the detection and analysis of proteinrprotein interactions. The two-hybrid system, 
initially described in the yeast Saccharomyces cerevisiae, is a powerful molecular genetic 
technique for identifying new regulatory molecules, specific to the protein of interest (Fields and 
5 Song, Nature 340:245-6 (1989)). Cohen et al., modified this technology so that novel 

interactions between synthetic or engineered peptide sequences could be identified which bind a 
molecule of choice. The benefit of this type of technology is that the selection is done in an 
intracellular environment. The method utilizes a library of peptide molecules that attached to an 
acidic activation domain. A peptide of choice, for example a portion of ARA67, AR, GSKB2, 
10 or hRad9, for example, is attached to a DNA binding domain of a transcriptional activation 
protein, such as Gal 4. By performing the Two-hybrid technique on this type of system, 
molecules that bind the desired portion of ARA67, AR, GSKB2, or hRad9, for example, can be 
identified. 

178. Using methodology well known to those of skill in the art, in combination with 
15 various combinatorial libraries, one can isolate and characterize those small molecules or 

macromolecules, which bind to or interact with the desired target. The relative binding affinity 
of these compounds can be compared and optimum compounds identified using competitive 
binding studies, which are well known to those of skill in the art. 

179. Techniques for making combinatorial libraries and screening combinatorial 

20 libraries to isolate molecules which bind a desired target are well known to those of skill in the 
art. Representative techniques and methods can be foimd in but are not limited to United States 
patents 5,084,824, 5,288,514, 5,449,754, 5,506,337, 5,539,083, 5,545,568, 5,556,762, 5,565,324, 
5,565,332, 5,573,905, 5,618,825, 5,619,680, 5,627,210, 5,646,285, 5,663,046, 5,670,326, 
5,677,195, 5,683,899, 5,688,696, 5,688,997, 5,698,685, 5,712,146, 5,721,099, 5,723,598, 

25 5,741,713, 5,792,431, 5,807,683, 5,807,754, 5,821,130, 5,831,014, 5,834,195, 5,834,318, 
5,834,588, 5,840,500, 5,847,150, 5,856,107, 5,856,496, 5,859,190, 5,864,010, 5,874,443, 
5,877,214, 5,880,972, 5,886,126, 5,886,127, 5,891,737, 5,916,899, 5,919,955, 5,925,527, 
5,939,268, 5,942,387, 5,945,070, 5,948,696, 5,958,702, 5,958,792, 5,962,337, 5,965,719, 
5,972,719, 5,976,894, 5,980,704, 5,985,356, 5,999,086, 6,001,579, 6,004,617, 6,008,321, 

30 6,017,768, 6,025,371, 6,030,917, 6,040,193, 6,045,671, 6,045,755, 6,060,596, and 6,061,636. 

1 80. Combinatorial libraries can be made fi-om a wide array of molecules using a 
number of different synthetic techniques. For example, libraries containing fused 2,4- 
pyrimidinediones (United States patent 6,025,371) dihydrobenzopyrans (United States Patent 
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6,017,768and 5,821,130), amide alcohols (United States Patent 5,976,894), hydroxy-amino acid 
amides (United States Patent 5,972,719) carbohydrates (United States patent 5,965,719), 1,4- 
benzodiazepin-2,5-diones (United States patent 5,962,337), cyclics (United States patent 
5,958,792), biaryl amino acid amides (United States patent 5,948,696), thiophenes (United 
5 States patent 5,942,387), tricyclic Tetrahydroquinolines (United States patent 5,925,527), 

benzofurans (United States patent 5,919,955), isoquinolines (United States patent 5,916,899), 
hydantoin and thiohydantoin (United States patent 5,859,190), indoles (United States patent 
5,856,496), imidazol-pyrido-indole and imidazol-pyrido-benzothiophenes (United States patent 
5,856,107) substituted 2-methylene-2, 3-dihydrothiazoles (United States patent 5,847,150), 
10 quinolines (United States patent 5,840,500), PNA (United States patent 5,831 ,014), containing 
tags (United States patent 5,721,099), polyketides (United States patent 5,712,146), 
morpholino-subunits (United States patent 5,698,685 and 5,506,337), sulfamides (United States 
patent 5,618,825), and benzodiazepines (United States patent 5,288,514). 

181. Screening molecules similar to ARA67, GSKB2, or hRad9, for example, for 
15 inhibition of binding to AR, for example, is a method of isolating desired compounds. 

182. Molecules isolated which bind AR, for example, can either be competitive 
inhibitors or non-competitive inhibitors of the interaction between AR and ARA67, GSKB2, or 
hRad9, for example. In certain embodiements the compositions are competitive inhibitors of the 
interaction between AR and ARA67, GSKB2, or hRad9, for example. 

20 183. In another embodiment the inhibitors are non-competitive inhibitors of the 

interaction between AR and ARA67, GSKB2, or hRad9, for example. One type of non- 
competitive inhibitor will cause allosteric rearrangements which mimic the effect of the 
interaction between Ar and of the interaction between AR and ARA67, GSKB2, or hRad9, for 
example. 

25 1 84. As used herein combinatorial methods and libraries included traditional screening 

methods and libraries as well as methods and libraries used in interative processes. 

(2) Computer assisted drug design 
1 85 . The disclosed compositions can be used as targets for any molecular modeling 
technique to identify either the structure of the disclosed compositions or to identify potential or 
30 actual molecules, such as small molecules, which interact in a desired way with the disclosed 

compositions. The nucleic acids, peptides, and related molecules disclosed herein can be used as 
targets in any molecular modeling program or approach. 
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1 86. It is understood that when using the disclosed compositions in modeling 
techniques, molecules, such as macromolecular molecules, will be identified that have particular 
desired properties such as inhibition or stimulation or the target molecule's function. The 
molecules identified and isolated when using the disclosed compositions, such as, AR, ARA67, 

5 GSKB2, or hRad9, for example, are also disclosed. Thus, the products produced using the 
molecular modeling approaches that involve the disclosed compositions, such as, of the 
interaction between AR, ARA67, GSKB2, or hRad9, for example, are also considered herein 
disclosed. 

187. Thus, one way to isolate molecules that bind a molecule of choice is through 
10 rational design. This is achieved through structural information and computer modeling. 

Computer modeling technology allows visualization of the three-dimensional atomic structxxre of 
a selected molecule and the rational design of new compounds that will interact with the 
molecule. The three-dimensional construct typically depends on data firom x-ray 
crystallographic analyses or NMR imaging of the selected molecule. The molecular dynamics 

15 require force field data. The computer graphics systems enable prediction of how a new 

compound will link to the target molecule and allow experimental manipulation of the structures 
, of the compovmd and target molecule to perfect binding specificity. Prediction of what the 
molecule-compound interaction will be when small changes are made in one or both requires 
molecular mechanics software and computationally intensive computers, usually coupled with 

20 user-fiiendly, menu-driven interfaces between the molecular design program and the user. 

188. Examples of molecular modeling systems are the CHARMm and QUANTA 
programs, Polygen Corporation, Waltham, MA. CHARMm performs the energy minimization 
and molecular dynamics functions. QUANTA performs the construction, graphic modeling and 
analysis of molecular structure. QUANTA allows interactive construction, modification, 

25 visualization, and analysis of the behavior of molecules with each other. 

1 89. A number of articles review computer modeling of drugs interactive with specific 
proteins, such as Rotivinen, et al., 1988 Acta Pharmaceutica Fennica 97, 159-166; Ripka, New 
Scientist 54-57 (June 16, 1988); McKinaly and Rossmann, \9%9 Annu. Rev. Pharmacol. 
Toxiciol. 29, 1 1 1-122; Perry and Davies, OSAR: Quantitative Structure- Activity Relationships in 

30 Drug Design pp. 189-193 (Alan R. Liss, Inc. 1989); Lewis and Dean, 1989 Proa. R. Soc. Land. 
236, 125-140 and 141-162; and, with respect to a model enzyme for nucleic acid components. 
Askew, et al., 1989 J. Am. Chem. Soc. Ill, 1082-1090. Other computer programs that screen 
and graphically depict chemicals are available firom companies such as BioDesign, Inc., 
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Pasadena, CA., AUelix, Inc, Mississauga, Ontario, Canada, and Hypercube, Inc., Cambridge, 
Ontario. Although these are primarily designed for application to drags specific to particular 
proteins, they can be adapted to design of molecules specifically interacting with specific regions 
of DNA or RNA, once that region is identified. 
5 1 90. Although described above with reference to design and generation of compounds 

which could alter binding, one could also screen libraries of known compounds, including 
natural products or synthetic chemicals, and biologically active materials, including proteins, for 
compounds which alter substrate binding or enzymatic activity. 
C. Compositions 

10 191 . Disclosed are the components to be used to prepare the disclosed compositions as 

well as the compositions themselves to be used within the methods disclosed herein. These and 
other materials are disclosed herein, and it is understood that when combinations, subsets, 
interactions, groups, etc. of these materials are disclosed that while specific reference of each 
various individual and collective combinations and permutation of these compounds may not be 

15 explicitly disclosed, each is specifically contemplated and described herein. For example, if a 
particular AR is disclosed and discussed and a number of modifications that can be made to a 
number of molecules including the AR are discussed, specifically contemplated is each and 
every combination and permutation of AR and the modifications that are possible unless 
specifically indicated to the contrary. Thus, if a class of molecules A, B, and C are disclosed as 

20 well as a class of molecules D, E, and F and an example of a combination molecule, A-D is 
disclosed, then even if each is not individually recited each is individually and collectively 
contemplated meaning combinations, A-E, A-F, B-D, B-E, B-F, C-D, C-E, and C-F are 
considered disclosed. Likewise, any subset or combination of these is also disclosed. Thus, for 
example, the sub-group of A-E, B-F, and C-E would be considered disclosed. This concept 

25 applies to all aspects of this application including, but not limited to, steps in methods of making 
and using the disclosed compositions. Thus, if there are a variety of additional steps that can be 
performed it is understood that each of these additional steps can be performed with any specific 
embodiment or combination of embodiments of the disclosed methods. 
1. Homology/identity 

30 192. It is imderstood that one way to define any known variants and derivatives or 

those that might arise, of the disclosed genes and proteins herein is through defining the variants 
and derivatives in terms of homology to specific known sequences. For example SEQ ID NO:2 
sets forth a particular sequence of an ARA67 and SEQ ID NO:l sets forth a particular sequence 
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of the protein encoded by SEQ ID NO:2, an ARA67 protein. Specifically disclosed are variants 
of these and other genes and proteins herein disclosed which have at least, 70, 71, 72, 73, 74, 75, 
76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99 percent 
homology to the stated sequence. Those of skill in the art readily understand how to determine 
5 the homology of two proteins or nucleic acids, such as genes. For example, the homology can be 
calculated after aligning the two sequences so that the homology is at its highest level. 

193. In general, it is understood that one way to define any known variants and 
derivatives or those that might arise, of the disclosed genes and proteins herein, is through 
defining the variants and derivatives in terms of homology to specific known sequences. This 

10 identity of particular sequences disclosed herein is also discussed elsewhere herein. In general, 
variants of genes and proteins herein disclosed typically have at least, about 70, 71, 72, 73, 74, 
75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, or 99 
percent homology to the stated sequence or the native sequence. Those of skill in the art readily 
understand how to determine the homology of two proteins or nucleic acids, such as genes. For 

15 exeimple, the homology can be calculated after aligning the two sequences so that the homology 
is at its highest level. 

1 94. Another way of calculating homology can be performed by published algorithms. 
Optimal alignment of sequences for comparison may be conducted by the local homology 
algorithm of Smith and Waterman Adv. Appl. Math. 2: 482 (1981), by the homology alignment 

20 algorithm of Needleman and Wimsch, J. MoL Biol. 48: 443 (1970), by the search for similarity 
method of Pearson and Lipman, Proc. Natl. Acad. Sci. U.S.A. 85: 2444 (1988), by computerized 
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the Wisconsin 
Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by 
inspection. 

25 195. The same types of homology can be obtained for nucleic acids by for example the 

algorithms disclosed in Zuker, M. Science 244:48-52, 1989, Jaeger et al. Proc. Natl. Acad. Sci. 
USA 86:7706-7710, 1989, Jaeger et al. Methods Enzymol. 183:281-306, 1989 which are herein 
incorporated by reference for at least material related to nucleic acid alignment. It is understood 
that any of the methods typically can be used and that in certain instances the results of these 

30 various methods may differ, but the skilled artisan understands if identity is found with at least 
one of these methods, the sequences would be said to have the stated identity, and be disclosed 
herein. 
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196. For example, as used herein, a sequence recited as having a particular percent 
homology to another sequence refers to sequences that have the recited homology as calculated 
by any one or more of the calculation methods described above. For example, a first sequence 
has 80 percent homology, as defined herein, to a second sequence if the first sequence is 

5 calculated to have 80 percent homology to the second sequence using the Zuker calculation 
method even if the first sequence does not have 80 percent homology to the second sequence as 
calculated by any of the other calculation methods. As another example, a first sequence has 80 
percent homology, as defined herein, to a second sequence if the first sequence is calculated to 
have 80 percent homology to the second sequence using both the Zuker calculation method and 

10 the Pearson and Lipman calculation method even if the first sequence does not have 80 percent 
homology to the second sequence as calculated by the Smith and Waterman calculation method, 
the Needleman and Wunsch calculation method, the Jaeger calculation methods, or any of the 
other calculation methods. As yet another example, a first sequence has 80 percent homology, as 
defined herein, to a second sequence if the first sequence is calculated to have 80 percent 

15 homology to the second sequence using each of calculation methods (although, in practice, the 
different calculation methods will often result in different calculated homology percentages). 
2. Hybridization/selective hybridization 

197. The term hybridization typically means a sequence driven interaction between at 
least two nucleic acid molecules, such as a primer or a probe and a gene. Sequence driven 

20 interaction means an interaction that occurs between two nucleotides or nucleotide analogs or 
nucleotide derivatives in a nucleotide specific manner. For example, G interacting with C or A 
interacting with T are sequence driven interactions. Typically sequence driven interactions occur 
on the Watson-Crick face or Hoogsteen face of the nucleotide. The hybridization of two nucleic 
acids is affected by a number of conditions and parameters known to those of skill in the art. For 

25 example, the salt concentrations, pH, and temperature of the reaction all affect whether two 
nucleic acid molecules will hybridize. 

198. Parameters for selective hybridization between two nucleic acid molecules are 
well known to those of skill in the art. For example, in some embodiments selective 
hybridization conditions can be defined as stringent hybridization conditions. For example, 

30 stringency of hybridization is controlled by both temperature and salt concentration of either or 
both of the hybridization and washing steps. For example, the conditions of hybridization to 
achieve selective hybridization may involve hybridization in high ionic strength solution (6X 
SSC or 6X SSPE) at a temperature that is about 12-25°C below the Tm (the melting temperature 
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at which half of the molecules dissociate from their hybridization partners) followed by washing 
at a combination of temperature and salt concentration chosen so that the washing temperature is 
about 5°C to 20°C below the Tm. The temperature and salt conditions are readily determined 
empirically in preliminary experiments in which samples of reference DNA immobilized on 
5 filters are hybridized to a labeled nucleic acid of interest and then washed under conditions of 
different stringencies. Hybridization temperatures are typically higher for DNA-RNA and RNA- 
RNA hybridizations. The conditions can be used as described above to achieve stringency, or as 
is known in the art. (Sambrook et al.. Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold 
Spring Harbor Laboratory, Cold Spring Harbor, New York, 1989; Kimkel et al. Methods 

10 Enzymol. 1987:154:367, 1987 which is herein incorporated by reference for material at least 
related to hybridization of nucleic acids). A preferable stringent hybridization condition for a 
DNA:DNA hybridization can be at about 68°C (in aqueous solution) in 6X SSC or 6X SSPE 
followed by washing at 68°C. Stringency of hybridization and washing, if desired, can be 
reduced accordingly as the degree of complementarity desired is decreased, and further, 

15 depending upon the G-C or A-T richness of any area wherein variability is searched for. 

Likewise, stringency of hybridization and washing, if desired, can be increased accordingly as 
homology desired is increased, and further, depending upon the G-C or A-T richness of any area 
wherein high homology is desired, all as known in the art. 

199. Another way to define selective hybridization is by looking at the amount 

20 (percentage) of one of the nucleic acids bound to the other nucleic acid. For example, in some 
embodiments selective hybridization conditions would be when at least about, 60, 65, 70, 71, 72, 
73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 
99, 100 percent of the limiting nucleic acid is bound to the non-limiting nucleic acid. Typically, 
the non-limiting primer is in for example, 10 or 100 or 1000 fold excess. This type of assay can 

25 be performed at under conditions where both the limiting and non-limiting primer are for 

example, 10 fold or 100 fold or 1000 fold below their kj, or where only one of the nucleic acid 
molecules is 10 fold or 100 fold or 1000 fold or where one or both nucleic acid molecules are 
above their kj. 

200. Another way to define selective hybridization is by looking at the percentage of 
30 primer that gets enzymatically manipulated under conditions where hybridization is required to 

promote the desired enzymatic manipulation. For example, in some embodiments selective 
hybridization conditions would be when at least about, 60, 65, 70, 71, 72, 73, 74, 75, 76, 77, 78, 
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 percent of the 
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primer is enzymatically manipulated under conditions which promote the enzymatic 
manipulation, for example if the enzymatic manipulation is DNA extension, then selective 
hybridization conditions would be when at least about 60, 65, 70, 71, 72, 73, 74, 75, 76, 77, 78, 
79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100 percent of the 
5 primer molecules are extended. Preferred conditions also include those suggested by the 
manufacturer or indicated in the art as being appropriate for the enzyme performing the 
manipulation. 

201 . Just as with homology, it is vmderstood that there are a variety of methods herein 
disclosed for determining the level of hybridization between two nucleic acid molecules. It is 

10 understood that these methods and conditions may provide different percentages of hybridization 
between two nucleic acid molecules, but unless otherwise indicated meeting the parameters of 
any of the methods would be sufficient. For example if 80% hybridization was required and as 
long as hybridization occurs within the required parameters in any one of these methods it is 
considered disclosed herein. 

15 202. It is understood that those of skill in the art understand that if a composition or 

method meets any one of these criteria for determining hybridization either collectively or singly 
it is a composition or method that is disclosed herein. 

a) Sequences 

203. There are a variety of sequences related to the ARA67, AR, GSK2B, hRad9, TR2, 
20 or TR4, for example, and other disclosed genes having the following Genbank Accession 

Numbers: (SEQ ID NO:l) ARA67 protein, AAH18121; (SEQ ID NO:2) ARA67 DNA, 
BC018121; (SEQ ID NO:3), AR protein and DNA, NM_000044; (SEQ ID NO:5), GSK3B 
protein, NP_002084); SEQ ID NO:6 GSK3B DNA, NM_002093); SEQ ID NO:7 hRAD9 
protein, AAB39928; SEQ ID NO:8 hRAD 9 cDNA, U53174; SEQ ID NO: 13 TR2 protein, 
25 M21985; SEQ ID NO:14 TR4 protein, P491 16; SEQ ID NO:15 TR2 cDNA, Accession No. 
M21985; SEQID NO: 16 TR4 cDNA, P491 16, these sequences and others are herein 
incorporated by reference in their entireties as well as for individual subsequences contained 
therein. 

204. One particular sequence set forth in SEQ ID NO:3 and having Genbank accession 
30 number NM_000044 is used herein, as an example, to exemplify the disclosed compositions and 

methods. It is imderstood that the description related to this sequence is applicable to any 
sequence disclosed herein imless specifically indicated otherwise. Those of skill in the art 
understand how to resolve sequence discrepancies and differences and to adjust the compositions 
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and methods relating to a particular sequence to other related sequences (i.e. sequences of AR). 
Primers and/or probes can be designed for any AR sequence given the information disclosed 
herein and known in the art. 

3. Delivery of the compositions to cells 
5 205. There are a number of compositions and methods which can be used to deliver 

nucleic acids to cells, either in vitro or in vivo. These methods and compositions can largely be 
broken down into two classes: viral based delivery systems and non-viral based delivery systems. 

For example, the nucleic acids can be delivered through a number of direct delivery systems 
such as, electroporation, lipofection, calcium phosphate precipitation, plasmids, viral vectors, 

10 viral nucleic acids, phage nucleic acids, phages, cosmids, or via transfer of genetic material in 
cells or carriers such as cationic liposomes. Appropriate means for transfection, including viral 
vectors, chemical transfectants, or physico-mechanical methods such as electroporation and 
direct diffusion of DNA, are described by, for example, Wolff, J. A., et al.. Science, 247, 1465- 
1468, (1990); and Wolff, J. A. Nature, 352, 815-818, (1991)Such methods are well known in the 

15 art and readily adaptable for use with the compositions and methods described herein. In certain 
cases, the methods will be modifed to specifically function with large DNA molecules. Further, 
these methods can be used to target certain diseases and cell populations by using the targeting 
characteristics of the carrier. 

a) Nucleic acid based delivery systems 

20 206. Transfer vectors can be any nucleotide construction used to deliver genes into 

cells (e.g., a plasmid), or as part of a general strategy to deliver genes, e.g., as part of 
recombinant retrovirus or adenovirus (Ram et al. Cancer Res. 53:83-88, (1993)). 

207. As used herein, plasmid or viral vectors are agents that transport the disclosed 
nucleic acids, such as ARA67, AR, GSK2B, hRad9, TR2, or TR4, for example, into the cell 

25 without degradation and include a promoter yielding expression of the gene in the cells into 

which it is delivered, hi some embodiments the ARA67, AR, GSK2B, hRad9, TR2, or TR4, for 
example, are derived from either a virus or a retrovirus. Viral vectors are , for example. 
Adenovirus, Adeno-associated virus. Herpes virus. Vaccinia virus. Polio virus, AIDS virus, 
neuronal trophic virus, Sindbis and other RNA viruses, including these viruses with the HIV 

30 backbone. Also preferred are any viral families which share the properties of these viruses 

which make them suitable for use as vectors. Retroviruses include Murine Maloney Leukemia 
virus, MMLV, and retroviruses that express the desirable properties of MMLV as a vector. 
Retroviral vectors are able to carry a larger genetic payload, i.e., a transgene or marker gene, than 
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Other viral vectors, and for this reason are a commonly used vector. However, they are not as 
useful in non-proliferating cells. Adenovirus vectors are relatively stable and easy to work with, 
have high titers, and can be delivered in aerosol formulation, and can transfect non-dividing 
cells. Pox viral vectors are large and have several sites for inserting genes, they are thermostable 
5 and can be stored at room temperature. A preferred embodiment is a viral vector which has been 
engineered so as to suppress the immune response of the host organism, elicited by the viral 
antigens. Preferred vectors of this type will carry coding regions for hiterleukin 8 or 10. 

208. Viral vectors can have higher transaction (ability to introduce genes) abilities than 
chemical or physical methods to introduce genes into cells. Typically, viral vectors contain, 

10 nonstructural early genes, structural late genes, an RNA polymerase HI transcript, inverted 
terminal repeats necessary for replication and encapsidation, and promoters to control the 
transcription and replication of the viral genome. When engineered as vectors, viruses typically 
have one or more of the early genes removed and a gene or gene/promotor cassette is inserted 
into the viral genome in place of the removed viral DNA. Constructs of this type can carry up to 

15 about 8 kb of foreign genetic material. The necessary functions of the removed early genes are 
typically supplied by cell lines which have been engineered to express the gene products of the 
early genes in trans. 

(1) Retroviral Vectors 

209. A retrovirus is an animal virus belonging to the virus family of Retro viridae, 
20 including any types, subfamilies, genus, or tropisms. Retroviral vectors, in general, are 

described by Verma, I.M., Retroviral vectors for gene transfer. In Microbiology-1985, American 
Society for Microbiology, pp. 229-232, Washington, (1985), which is incorporated by reference 
herein. Examples of methods for using retroviral vectors for gene therapy are described in U.S. 
Patent Nos. 4,868,1 16 and 4,980,286; PCT applications WO 90/02806 and WO 89/07136; and 
25 Mulligan, (Science 260:926-932 (1993)); the teachings of which are incorporated herein by 
reference. 

210. A retrovirus is essentially a package which has packed into it nucleic acid cargo. 
The nucleic acid cargo carries with it a packaging signal, which ensures that the replicated 
daughter molecules will be efficiently packaged within the package coat. In addition to the 

30 package signal, there are a number of molecules which are needed in cis, for the replication, arid 
packaging of the replicated virus. Typically a retroviral genome, contains the gag, pol, and env 
genes which are involved in the making of the protein coat. It is the gag, pol, and env genes 
which are typically replaced by the foreign DNA that it is to be transferred to the target cell. 
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Retroviras vectors typically contain a packaging signal for incorporation into the package coat, a 
sequence which signals the start of the gag transcription unit, elements necessary for reverse 
transcription, including a primer binding site to bind the tRNA primer of reverse transcription, 
terminal repeat sequences that guide the switch of RNA strands during DNA synthesis, a purine 
5 rich sequence 5' to the 3' LTR that serve as the priming site for the synthesis of the second strand 
of DNA synthesis, and specific sequences near the ends of the LTRs that enable the insertion of 
the DNA state of the retrovirus to insert into the host genome. The removal of the gag, pol, and 
env genes allows for about 8 kb of foreign sequence to be inserted into the viral genome, become 
reverse transcribed, and upon replication be packaged into a new retroviral particle. This amount 
10 of nucleic acid is sufficient for the delivery of a one to many genes depending on the size of each 
transcript. It is preferable to include either positive or negative selectable markers along with 
other genes in the insert. 

211. Since the replication machinery and packaging proteins in most retroviral vectors 
have been removed (gag, pol, and env), the vectors are typically generated by placing them into a 

15 packaging cell line. A packaging cell line is a cell line which has been transfected or 

transformed with a retrovirus that contains the replication and packaging machinery, but lacks 
any packaging signal. When the vector carrying the DNA of choice is transfected into these cell 
lines, the vector containing the gene of interest is replicated and packaged into new retroviral 
particles, by the machinery provided in cis by the helper cell. The genomes for the machinery 

20 are not packaged because they lack the necessary signals. 

(2) Adenoviral Vectors 

212. The construction of replication-defective adenoviruses has been described 
(Berkner et al., J. Virology 61:1213-1220 (1987); Massie et al., Mol. Cell. Biol. 6:2872-2883 
(1986); Haj-Ahmad et al., J. Virology 57:267-274 (1986); Davidson et al., J. Virology 61 :1226- 

25 1239 (1987); Zhang "Generation and identification of recombinant adenovirus by liposome- 
mediated transfection and PGR analysis" BioTechniques 15:868-872(1993)). The benefit of 
the use of these viruses as vectors is that they are limited in the extent to which they can spread 
to other cell types, since they can replicate within an initial infected cell, but are iinable to form 
new infectious viral particles. Recombinant adenoviruses have been shown to achieve high 

30 efficiency gene transfer after direct, in vivo delivery to airway epithelium, hepatocytes, vascular 
endothelium, CNS parenchyma and a number of other tissue sites (Morsy, J. Clin. Invest. 
92:1580-1586 (1993); Kirshenbaum, J. Clin. Invest. 92:381-387 (1993); Roessler, J. Clin. 
Livest. 92:1085-1092 (1993); MouUier, Nature Genetics 4:154-159 (1993); La Salle, Science 
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259:988-990 (1993); Gomez-Foix, J. Biol. Chem. 267:25129-25134 (1992); Rich, Human 
Gene Therapy 4:461-476 (1993); Zabner, Nature Genetics 6:75-83 (1994); Guzman, 
Circulation Research 73:1201-1207 (1993); Bout, Human Gene Therapy 5:3-10 (1994); Zabner, 
Cell 75:207-216 (1993); Caillaud, Eur. J. Neuroscience 5:1287-1291 (1993); and Ragot, J. 
5 Gen. Virology 74:501-507 (1993)). Recombinant adenoviruses achieve gene transduction by 
binding to specific cell surface receptors, after which the virus is internalized by receptor- 
mediated endocytosis, in the same manner as wild type or repHcation-defective adenovirus 
(Chardonnet and Dales, Virology 40:462-477 (1970); Brown and Burlingham, J. Virology 
12:386-396 (1973); Svensson and Persson, J. Virology 55:442-449 (1985); Seth, et al., J. Virol. 
10 51:650-655 (1984); Seth, et al., Mol. Cell. Biol. 4:1528-1533 (1984); Varga et al., J. Virology 
65:6061-6070 (1991); Wickham et al.. Cell 73:309-319 (1993)). 

213. A viral vector can be one based on an adenovirus which has had the El gene 
removed and these virons are generated in a cell line such as the human 293 cell line. In another 
preferred embodiment both the El and E3 genes are removed from the adenovirus genome. 

15 (3) Adeno-asscociated viral vectors 

214. Another type of viral vector is based on an adeno-associated virus (AAV). This 
defective parvovirus is a preferred vector because it can infect many cell types and is 
nonpathogenic to humans. AAV type vectors can transport about 4 to 5 kb and wild type AAV 
is known to stably insert into chromosome 19. Vectors which contain this site specific 

20 integration property are preferred. An especially preferred embodiment of this type of vector is 
the P4. 1 C vector produced by Avigen, San Francisco, CA, which can contain the herpes simplex 
virus thymidine kinase gene, HSV-tk, and/or a marker gene, such as the gene encoding the green 
fluorescent protein, GFP. 

215. In another type of AAV virus, the AAV contains a pair of inverted terminal 

25 repeats (ITRs) which flank at least one cassette containing a promoter which directs cell-specific 
expression operably linked to a heterologous gene. Heterologous in this context refers to any 
nucleotide sequence or gene which is not native to the AAV or B19 parvovirus. 

216. Typically the AAV and B19 coding regions have been deleted, resulting in a safe, 
noncytotoxic vector. The AAV ITRs, or modifications thereof, confer infectivity and site- 

30 specific integration, but not cytotoxicity, and the promoter directs cell-specific expression. 

United states Patent No. 6,261,834 is herein incorproated by reference for material related to the 
AAV vector. 
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217. The vectors of the present invention thus provide DNA molecules which are 
capable of integration into a mammalian chromosome without substantial toxicity. 

218. The inserted genes in viral and retroviral usually contain promoters, eind/or 
enhancers to help control the expression of the desired gene product. A promoter is generally a 

5 sequence or sequences of DNA that function when in a relatively fixed location in regard to the 
transcription start site. A promoter contains core elements required for basic interaction of RNA 
polymerase and transcription factors, and may contain upstream elements and response elements. 

(4) Large payload viral vectors 

219. Molecular genetic experiments with large human herpesviruses have provided a 
10 means whereby large heterologous DNA fragments can be cloned, propagated and established in 

cells permissive for infection with herpesviruses (Sun et al., Nature genetics 8: 33-41, 1994; 
Cotter and Robertson,.Ciirr Opin Mol Ther 5: 633-644, 1999). These large DNA viruses (herpes 
simplex virus (HSV) and Epstein-Barr virus (EBV), have the potential to deliver fragments of 
human heterologous DNA > 150 kb to specific cells. EBV recombinants can maintain large 

15 pieces of DNA in the infected B-cells as episomal DNA. Individual clones carried human 
genomic inserts up to 330 kb appeared genetically stable The maintenance of these episomes 
requires a specific EBV nuclear protein, EBNAl, constitutively expressed during infection with 
EBV. Additionally, these vectors can be used for transfection, where large amounts of protein 
can be generated fransiently in vitro. Herpesvirus amplicon systems are also being used to 

20 package pieces of DNA > 220 kb and to infect cells that can stably maintain DNA as episomes. 

220. Other usefril systems include, for example, replicating and host-restricted non- 
replicating vaccinia virus vectors. 

b) Non-nucleic acid based systems 

221 . The disclosed compositions can be delivered to the target cells in a variety of 
25 ways. For example, the compositions can be delivered through electroporation, or through 

lipofection, or through calcium phosphate precipitation. The delivery mechanism chosen will 
depend in part on the type of cell targeted and whether the delivery is occurring for example in 
vivo or in vitro. 

222. Thus, the compositions can comprise, in addition to the disclosed ARA67, AR, 
30 GSK2B, hRad9, TR2, or TR4, for example,or vectors for example, lipids such as liposomes, 

such as cationic liposomes (e.g., DOTMA, DOPE, DC-cholesterol) or anionic liposomes. 
Liposomes can ftirther comprise proteins to facilitate targeting a particular cell, if desired. 
Adminisfration of a composition comprising a compound and a cationic liposome can be 
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administered to the blood afferent to a target organ or inhaled into the respiratory tract to target 
cells of the respiratory tract. Regarding liposomes, see, e.g., Brigham et al. Am. J. Resp. Cell. 
Mol. Biol. 1:95-100 (1989); Feigner et al. Proc. Natl. Acad. Sci USA 84:7413-7417 (1987); U.S. 
Pat. No.4,897,355. Furthermore, the compound can be administered as a component of a 
5 microcapsule that can be targeted to specific cell types, such as macrophages, or where the 

diffusion of the compound or delivery of the compound from the microcapsule is designed for a 
specific rate or dosage. 

223. In the methods described above which include the administration and uptake of 
exogenous DNA into the cells of a subject (i.e., gene transduction or transfection), delivery of 

10 the compositions to cells can be via a variety of mechanisms. As one example, delivery can be 
via a liposome, using commercially available liposome preparations such as LIPOFECTIN, 
LIPOFECTAMINE (GIBCO-BRL, Inc., Gaithersburg, MD), SUPERFECT (Qiagen, Inc. Hilden, 
Germany) and TRANSFECTAM (Promega Biotec, Inc., Madison, WI), as well as other 
liposomes developed according to procedures standard in the art. In addition, the nucleic acid or 

15 vector of this invention can be delivered in vivo by electroporation, the technology for which is 
available from Genetronics, Inc. (San Diego, CA) as well as by means of a SONOPORATION 
machine (ImaRx Pharmaceutical Corp., Tucson, AZ). 

224. The materials may be in solution, suspension (for example, incorporated into 
microparticles, liposomes, or cells). These may be targeted to a particular cell type via 

20 antibodies, receptors, or receptor ligands. The following references are examples of the use of 
this technology to target specific proteins to tumor tissue (Senter, et al., Bioconjugate Chem.. 
2:447-451, (1991); Bagshawe, K.D., Br. J. Cancer. 60:275-281, (1989); Bagshawe, et al., Br. J. 
Cancer . 58:700-703, (1988); Senter, et al., Bioconjugate Chem. , 4:3-9, (1993); Battelli, et al.. 
Cancer Immunol. Immunother. . 35:421-425, (1992); Pietersz and McKenzie, Immunolog. 

25 Reviews. 129:57-80, (1992); and Roffler, et al., Biochem. Pharmacol . 42:2062-2065, (1991)). 

These techniques can be used for a variety of other speciifc cell types. Vehicles such as "stealth" 
and other antibody conjugated liposomes (including lipid mediated drug targeting to colonic 
carcinoma), receptor mediated targeting of DNA through cell specific ligands, lymphocyte 
directed tumor targeting, and highly specific therapeutic retroviral targeting of murine glioma 

30 cells in vivo. The following references are examples of the use of this technology to target 
specific proteins to timior tissue (Hughes et al.. Cancer Research. 49:6214-6220, (1989); and 
Litzinger and Huang, Biochimica et Biophvsica Acta. 1 104:179-187, (1992)). In general, 
receptors are involved in pathways of endocytosis, either constitutive or ligand induced. These 
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receptors cluster in clathrin-coated pits, enter the cell via clathrin-coated vesicles, pass through 
an acidified endosome in which the receptors are sorted, and then either recycle to the cell 
surface, become stored intracellularly, or are degraded in lysosomes. The internalization 
pathways serve a variety of functions, such as nutrient uptake, removal of activated proteins, 
5 clearance of macromolecules, opportunistic entry of viruses and toxins, dissociation and 
degradation of ligand, and receptor-level regulation. Many receptors follow more than one 
intracellular pathway, depending on the cell type, receptor concentration, type of ligand, ligand 
valency, and ligand concentration. Molecular and cellular mechanisms of receptor-mediated 
endocytosis has been reviewed (Brown and Greene, DNA and Cell Biology 10:6, 399-409 
10 (1991)). 

225. Nucleic acids that are delivered to cells which are to be integrated into the host 
cell genome, typically contain integration sequences. These sequences are often viral related 
sequences, particularly when viral based systems are used. These viral intergration systems can 
also be incorporated into nucleic acids which are to be delivered using a non-nucleic acid based 

15 system of deliver, such as a liposome, so that the nucleic acid contained in the delivery system 
can be come integrated into the host genome. 

226. Other general techniques for integration into the host genome include, for 
example, systems designed to promote homologous recombination with the host genome. These 
systems typically rely on sequence flanking the nucleic acid to be expressed that has enough 

20 homology with a target sequence within the host cell genome that recombination between the 
vector nucleic acid and the target nucleic acid takes place, causing the delivered nucleic acid to 
be integrated into the host genome. These systems and the methods necessary to promote 
homologous recombination are known to those of skill in the art. 

c) In vivo/ex vivo 

25 227. As described above, the compositions can be administered in a pharmaceutically 

acceptable carrier and can be delivered to the subject=s cells in vivo and/or ex vivo by a variety 
of mechanisms well known in the art (e.g., uptake of naked DNA, liposome fusion, 
intramuscular injection of DNA via a gene gun, endocytosis and the like). 

228. If ex vivo methods are employed, cells or tissues can be removed and maintained 

30 outside the body according to standard protocols well known in the art. The compositions can be 
introduced into the cells via any gene transfer mechanism, such as, for example, calcium 
phosphate mediated gene delivery, electroporation, microinjection or proteoliposomes. The 
transduced cells can then be infused (e.g., in a pharmaceutically acceptable carrier) or 
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homotopically transplanted back into the subject per standard methods for the cell or tissue type. 
Standard methods are known for transplantation or infusion of various cells into a subject. 
4. Expression systems 

229. The nucleic acids that are delivered to cells typically contain expression 
controlling systems. For example, the inserted genes in viral and retroviral systems usually 
contain promoters, and/or enhancers to help control the expression of the desired gene product. 
A promoter is generally a sequence or sequences of DNA that function when in a relatively fixed 
location in regard to the transcription start site. A promoter contains core elements required for 
basic interaction of RNA polymerase and transcription factors, and may contain upstream 
elements and response elements. 

a) Viral Promoters and Enhancers 

230. Preferred promoters controlling transcription from vectors in mammalian host 
cells may be obtained from various sources, for example, the genomes of viruses such as: 
polyoma. Simian Virus 40 (S V40), adenovirus, retroviruses, hepatitis-B virus and most 
preferably cytomegalovirus, or from heterologous mammalian promoters, e.g. beta actin 
promoter. The early and late promoters of the SV40 virus are conveniently obtained as an SV40 
restriction fragment which also contains the SV40 viral origin of replication (Fiers et al.. Nature . 
273: 1 13 (1 978)). The immediate early promoter of the human cytomegalovirus is conveniently 
obtained as a HindHI E restriction fragment (Greenway, P.J. et al.. Gene 18: 355-360 (1982)). 
Of course, promoters from the host cell or related species also are useful herein. 

23 1 . Enhancer generally refers to a sequence of DNA that functions at no fixed 
distance from the franscription start site and can be either 5' (Laimins, L. et al., Proc. Natl. Acad. 
Sci. 78: 993 (1981)) or 3* (Luskv. M.L.. et al.. Mol. Cell Bio. 3: 1108 (1983)) to the 
transcription unit. Furthermore, enhancers can be within an intron (Banerji, J.L. et al.. Cell 33: 
729 (1983)) as well as within the coding sequence itself (Osborne, T.F., et al., Mol. Cell Bio. 4: 
1293 (1984)). They are usually between 10 and 300 bp in length, and they function in cis. 
Enhancers f unction to increase transcription from nearby promoters. Enhancers also often 
contain response elements that mediate the regulation of transcription. Promoters can also 
contain response elements that mediate the regulation of transcription. Enhancers often 
determine the regulation of expression of a gene. While many enhancer sequences are now 
known from mammahan genes (globin, elastase, albimiin, -fetoprotein and insulin), typically 
one will use an enhancer from a eukaryotic cell virus for general expression. Preferred examples 
are the SV40 enhancer on the late side of the replication origin (bp 100-270), the 
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cytomegalovirus early promoter enhancer, the polyoma enhancer on the late side of the 
replication origin, and adenovirus enhancers. 

232. The promotor and/or enhancer may be specifically activated either by light or 
specific chemical events which trigger their fiinction. Systems can be regulated by reagents such 

5 as tetracycline and dexamethasone. There are also ways to enhance virjd vector gene expression 
by exposure to irradiation, such as gamma irradiation, or alkylating chemotherapy drugs. 

233. In certain embodiments the promoter and/or enhancer region can act as a 
constitutive promoter and/or enhancer to maximize expression of the region of the transcription 
unit to be transcribed, hi certain constructs the promoter and/or enhancer region be active in all 

10 eukaryotic cell types, even if it is only expressed in a particular type of cell at a particular time. 
A preferred promoter of this type is the CMV promoter (650 bases). Other preferred promoters 
are SV40 promoters, cytomegalovirus (fiiU length promoter), and retroviral vector LTF. 

234. It has been shown that all specific regulatory elements can be cloned and used to 
construct expression vectors that are selectively expressed in specific cell types such as 

15 melanoma cells. The glial fibrillary acetic protein (GFAP) promoter has been used to 
selectively express genes in cells of glial origin. 

235. Expression vectors used in eukaryotic host cells (yeast, fungi, insect, plant, 
animal, human or nucleated cells) may also contain sequences necessary for the termination of 
transcription which may affect mRNA expression. These regions are transcribed as 

20 polyadenylated segments in the untranslated portion of the mRNA encoding tissue factor protein. 
The 3' untranslated regions also include transcription termination sites. It is preferred that the 
transcription imit also contain a polyadenylation region. One benefit of this region is that it 
increases the likelihood that the transcribed \mit will be processed and transported like mRNA. 
The identification and use of polyadenylation signals in expression constructs is well established. 

25 It is preferred that homologous polyadenylation signals be used in the transgene constructs. In 
certain transcription units, the polyadenylation region is derived from the SV40 early 
polyadenylation signal and consists of about 400 bases. It is also preferred that the transcribed 
units contain other standard sequences alone or in combination with the above sequences 
improve expression from, or stability of, the construct. 

30 b) Markers 

236. The viral vectors can include nucleic acid sequence encoding a marker product. 
This marker product is used to determine if the gene has been delivered to the cell and once 
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delivered is being expressed. Preferred marker genes are the E. Coli lacZ gene, which encodes 
6-galactosidase, and green fluorescent protein. 

237. In some embodiments the marker may be a selectable marker. Examples of 
suitable selectable markers for mammalian cells are dihydrofolate reductase (DHFR), thymidine 

5 kinase, neomycin, neomycin analog G418, hydromycin, and puromycin. When such selectable 
markers are successfully transferred into a mammalian host cell, the transformed mammalian 
host cell can survive if placed under selective pressure. There are two widely used distinct 
categories of selective regimes. The first category is based on a cell's metabolism and the use of 
a mutant cell line which lacks the ability to grow independent of a supplemented media. Two 

10 examples are: CHO DHFR- cells and mouse LTK- cells. These cells lack the ability to grow 
without the addition of such nutrients as thymidine or hypoxanthine. Because these cells lack 
certain genes necessary for a complete nucleotide synthesis pathway, they cannot survive \mless 
the missing nucleotides are provided in a supplemented media. An alternative to supplementing 
the media is to introduce an intact DHFR or TK gene into cells lacking the respective genes, thus 

15 altering their growth requirements. Individual cells which were not transformed with the DHFR 
or TK gene will not be capable of survival in non-supplemented media. 

238. The second category is dominant selection which refers to a selection scheme 
used in any cell type and does not require the use of a mutant cell line. These schemes typically 
use a drug to arrest growth of a host cell. Those cells which have a novel gene would express a 

20 protein conveying drug resistance and would survive the selection. Examples of such dominant 
selection use the drugs neomycin, (Southern P. and Berg, P.. J. Molec. Appl. Genet. 1 : 327 
(1982)), mycophenoUc acid, (Mulligan, R.C. and Berg, P. Science 209: 1422 (1980)) or 
hygromycin, (Sugden, B. et al., Mol. Cell. Biol. 5: 410-413 (1985)). The three examples 
employ bacterial genes under eukaryotic control to convey resistance to the appropriate drug 
25 G418 or neomycin (geneticin), xgpt (mycophenolic acid) or hygromycin, respectively. Others 
include the neomycin analog G418 and puramycin. 
5. Peptides 

a) Protein variants 

239. As discussed herein there are numerous variants of the ARA67, AR, GSK2B, 
30 hRad9, TR2, or TR4, for example, proteins that are known and herein contemplated. In 

addition, to the known functional ARA67, AR, GSK2B, hRad9, TR2, or TR4, for example, 
strain variants there are derivatives of the ARA67, AR, GSK2B, hRad9, TR2, or TR4, for 
example, proteins which also function in the disclosed methods and compositions. Protein 
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variants and derivatives are well understood to those of skill in the art and in can involve amino 
acid sequence modifications. For example, amino acid sequence modifications typically fall into 
one or more of three classes: substitutional, insertional or deletional variants. Insertions include 
amino and/or carboxyl terminal fusions as well as intrasequence insertions of single or multiple 
5 amino acid residues. Insertions ordinarily will be smaller insertions than those of amino or 
carboxyl terminal fusions, for example, on the order of one to four residues. Immunogenic 
fusion protein derivatives, such as those described in the examples, are made by fusing a 
polypeptide sufficiently large to confer immunogenicity to the target sequence by cross-linking 
in vitro or by recombinant cell culture transformed with DNA encoding the fusion. Deletions are 

10 characterized by the removal of one or more amino acid residues from the protein sequence. 

Typically, no more than about fi-om 2 to 6 residues are deleted at any one site within the protein 
molecule. These variants ordinarily are prepared by site specific mutagenesis of nucleotides in 
the DNA encoding the protein, thereby producing DNA encoding the variant, and thereafter 
expressing the DNA in recombinant cell culture. Techniques for making substitution mutations 

15 at predetermined sites in DNA having a known sequence are well known, for example Ml 3 
primer mutagenesis and PGR mutagenesis. Amino acid substitutions are typically of single 
residues, but can occur at a number of different locations at once; insertions usually will be on 
the order of about fi'om 1 to 10 amino acid residues; and deletions will range about from 1 to 30 
residues. Deletions or insertions preferably are made in adjacent pairs, i.e. a deletion of 2 

20 residues or insertion of 2 residues. Substitutions, deletions, insertions or any combination 
thereof may be combined to arrive at a final construct. The mutations must not place the 
sequence out of reading frame and preferably will not create complementary regions that could 
produce secondary mRNA structvu-e. Substitutional variants are those in which at least one 
residue has been removed and a different residue inserted in its place. Such substitutions 

25 generally are made in accordance with the following Tables 1 and 2 and are referred to as 
conservative substitutions. 

240. TABLE 1 :Amino Acid Abbreviations 



Amino Acid 


Abbreviations 


alanine 


Ala A 


allosoleucine 


Alle 


arginine 


ArgR 


asparagine 


Asn N 


aspartic acid 


AspD 
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Amino Acid 


Abbreviations 


cysteine 


CysC 


glutamic acid 


GluE 


glutamine 


GlnQ 


glycine 


GlyG 


histidine 


HisH 


isolelucine 


lie I 


leucine 


Leu L 


lysine 


LysK 


phenylalanine 


PheF 


proline 


ProP 


pyroglutamic 
acidp 


pGlu 


serine 


Ser S 


threonine 


ThrT 


tyrosine 


TyrY 


tryptophan 


TrpW 


valine 


Val V 



TABLE 2: Amino Acid Substitutions 
Original Residue Exemplary Conservative Substitutions, others are known in the art. 

Ala; Ser 
Arg;Lys; Gin 
Asn; Gin; His 

Asp; Glu 

Cys; Ser 
Gin; Asn, Lys 

Glu; Asp 

Gly; Pro 
His; Asn; Gin 
He; Leu; Val 
Leu; He; Val 
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Lys; Arg; Gin; 
Met; Leu; He 
Phe; Met; Leu; Tyr 

Ser; Thr 

Thr; Ser 

Trp; Tyr 
Tyr; Trp; Phe 
Val; He; Leu 

24 L Substantial changes in function or immunological identity are made by selecting 
substitutions that are less conservative than those in Table 2, i.e., selecting residues that differ 
more significantly in their effect on maintaining (a) the structure of the polypeptide backbone in 
the area of the substitution, for example as a sheet or helical conformation, (b) the charge or 
5 hydrophobicity of the molecule at the target site or (c) the bulk of the side chain. The 
substitutions which in general are expected to produce the greatest changes in the protein 
properties will be those in which (a) a hydrophilic residue, e.g. seryl or threonyl, is substituted 
for (or by) a hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl, valyl or alanyl; (b) a 
cysteine or proline is substituted for (or by) any other residue; (c) a residue having an 
10 electropositive side chain, e.g., lysyl, arginyl, or histidyl, is substituted for (or by) an 

electronegative residue, e.g., glutamyl or aspartyl; or (d) a residue having a bulky side chain, e.g., 
phenylalanine, is substituted for (or by) one not having a side chain, e.g., glycine, in this case, (e) 
by increasing the nimiber of sites for sulfation and/or glycosylation. 

242. For example, the replacement of one amino acid residue with another that is 
15 biologically and/or chemically similar is known to those skilled in the art as a conservative 

substitution. For example, a conservative substitution would be replacing one hydrophobic 
residue for another, or one polar residue for another. The substitutions include combinations 
such as, for example, Gly, Ala; Val, Be, Leu; Asp, Glu; Asn, Gin; Ser, Thr; Lys, Arg; and Phe, 
Tyr. Such conservatively substituted variations of each explicitly disclosed sequence are 
20 included within the mosaic polypeptides provided herein. 

243. Substitutional or deletional mutagenesis can be employed to insert sites for N- 
glycosylation (Asn-X-Thr/Ser) or O-glycosylation (Ser or Thr). Deletions of cysteine or other 
labile residues also may be desirable. Deletions or substitutions of potential proteolysis sites, 
e.g. Arg, is accomplished for example by deleting one of the basic residues or substituting one by 

25 glutaminyl or histidyl residues. 
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244. Certain post-translational derivatizations are the result of the action of 
recombinant host cells on the expressed polypeptide. Glutaminyl and asparaginyl residues are 
frequently post-translationally deamidated to the corresponding glutamyl and asparyl residues. 
Alternatively, these residues are deamidated under mildly acidic conditions. Other post- 
5 translational modifications include hydroxylation of proline and lysine, phosphorylation of 
hydroxyl groups of seryl or threonyl residues, methylation of the o-amino groups of lysine, 
arginine, and histidine side chains (T.E. Creighton, Proteins: Structure and Molecular 
Properties, W. H. Freeman & Co., San Francisco pp 79-86 [1983]), acetylation of the N-terminal 
amine and, in some instances, amidation of the C-terminal carboxyl. 

1 0 245. It is understood that there are numerous amino acid and peptide analogs which 

can be incorporated into the disclosed compositions. For example, there are numerous D amino 
acids or amino acids which have a different ftmctional substituent then the amino acids shown in 
Table 1 and Table 2. The opposite stereo isomers of naturally occurring peptides are disclosed, 
as well as the stereo isomers of peptide analogs. These amino acids can readily be incorporated 

1 5 into polypeptide chains by charging tRNA molecules with the amino acid of choice and 
engineering genetic constructs that utilize, for example, amber codons, to insert the analog 
amino acid into a peptide chain in a site specific way (Thorson et al.. Methods in Molec. Biol. 
77:43-73 (1991), ZoUer, Cvirrent Opinion in Biotechnology, 3:348-354 (1992); Ibba, 
Biotechnology & Genetic Enginerring Reviews 13:197-216 (1995), Cahill et al., TIBS, 

20 14(10):400-403 (1989); Benner, TIB Tech, 12:158-163 (1994); Ibba and Hennecke, 

Bio/technology, 12:678-682 (1994) all of which are herein incorporated by reference at least for 
material related to amino acid analogs). 

246. Molecules can be produced that resemble peptides, but which are not cormected 
via a natural peptide linkage. For example, linkages for amino acids or amino acid analogs can 

25 include CH2NH-, --CH2S--, --CHz-CHz ~, -CH=CH- (cis and trans), -COCH2 -, ~ 

CH(OH)CH2~, and — CHH2SO — (These and others can be found in Spatola, A. F. in Chemistry 
and Biochemistry of Amino Acids, Peptides, and Proteins, B. Weinstein, eds.. Marcel Dekker, 
New York, p. 267 (1983); Spatola, A. F., Vega Data (March 1983), Vol. 1, Issue 3, Peptide 
Backbone Modifications (general review); Morley, Trends Pharm Sci (1980) pp. 463-468; 

30 Hudson, D. et al., Int J Pept Prot Res 14:177-185 (1979) (~CH2NH~, CH2CH2~); Spatola et al. 
Life Sci 38:1243-1249 (1986) (~CH H2~S); Hann J. Chem. Soc Perkin Trans. I 307-314 (1982) 
(~CH-CH~, cis and trans); Ahnquist et al. J. Med. Chem. 23:1392-1398 (1980) (-COCH2-); 
Jennings-White et al. Tetrahedron Lett 23:2533 (1982) (~COCH2~); Szelke et al. European 
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Appln, EP 45665 CA (1982): 97:39405 (1982) (-CH(OH)CH2-); HoUaday et al. Tetrahedron. 
Lett 24:4401-4404 (1983) (-C(OH)CH2--); and Hruby Life Sci 31:189-199 (1982) (-CHj-S-); 
each of which is incorporated herein by reference. A particularly preferred non-peptide linkage is 
~CH2NH~. It is understood that peptide analogs can have more than one atom between the 
5 bond atoms, such as b-alanine, g-aminobutyric acid, and the like. 

247. Amino acid analogs and analogs and peptide analogs often have enhanced or 
desirable properties, such as, more economical production, greater chemical stability, enhanced 
pharmacological properties (half-life, absorption, potency, efficacy, etc.), altered specificity (e.g., 
a broad-spectrum of biological activities), reduced antigenicity, and others. 

10 248. D-amino acids can be used to generate more stable peptides, because D amino 

acids are not recognized by peptidases and such. Systematic substitution of one or more amino 
acids of a consensus sequence with a D-amino acid of the same type (e.g., D-lysine in place of L- 
lysine) can be used to generate more stable peptides. Cysteine residues can be used to cyclize or 
attach two or more peptides together. This can be beneficial to constrain peptides into particular 

15 conformations. (Rizo and Giereisch Ann. Rev. Biochem. 61 :387 (1992), incorporated herein by 
reference). 

249. It is understood that one way to define the variants and derivatives of the 
disclosed proteins herein is through defining the variants and derivatives in terms of 
homology/identity to specific known sequences. For example, SEQ ID NOs: 1, 3, 5, 7, 13, and 

20 1 4 set forth a particular sequence of ARA67, AR, GSK2B, hRad9, TR2, or TR4 proteins, 
respectively. Specifically disclosed are variants of these and other proteins herein disclosed 
which have at least, 70% or 75% or 80% or 85% or 90% or 95% homology to the stated 
sequence. Those of skill in the art readily understand how to determine the homology of two 
proteins. For example, the homology can be calculated after aligning the two sequences so that 

25 the homology is at its highest level. 

250. Another way of calculating homology can be performed by published algorithms. 
Optimal alignment of sequences for comparison may be conducted by the local homology 
algorithm of Smith and Waterman Adv. Appl. Math. 2: 482 (1981), by the homology alignment 
algorithm of Needleman and Wimsch, J. MoL Biol. 48: 443 (1970), by the search for similarity 

30 method of Pearson and Lipman, Proc. Natl. Acad. Sci. U.S.A. 85: 2444 (1988), by computerized 
implementations of these algorithms (GAP, BESTFIT, FAST A, and TFASTA in the Wisconsin 
Genetics Software Package, Genetics Computer Group, 575 Science Dr., Madison, WI), or by 
inspection. 
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25 1 . The same types of homology can be obtained for nucleic acids by for example the 
algorithms disclosed in Zuker, M. Science 244:48-52, 1989, Jaeger et al. Proc. Natl. Acad. Sci. 
USA B6:1106-ll\0, 1989, Jaeger et al. Methods Enzymol. 183:281-306, 1989 which are herein 
incorporated by reference for at least material related to nucleic acid alignment. 
5 252. It is understood that the description of conservative mutations and homology cjin 

be combined together in any combination, such as embodiments that have at least 70% 
homology to a particular sequence wherein the variants are conservative mutations. 

253. As this specification discusses various proteins and protein sequences, such as 
ARA67, AR, GSK2B, hRad9, TR2, or TR4, for example, it is understood that the nucleic acids 

10 that can encode those protein sequences are also disclosed. This would include all degenerate 
sequences related to a specific protein sequence, i.e. all nucleic acids having a sequence that 
encodes one particular protein sequence as well as all nucleic acids, including degenerate nucleic 
acids, encoding the disclosed variants and derivatives of the protein sequences. Thus, while each 
particular nucleic acid sequence may not be written out herein, it is understood that each and 

15 every sequence is in fact disclosed and described herein through the disclosed protein sequence. 
It is also understood that while no amino acid sequence indicates what particular DNA sequence 
encodes that protein within an organism, where particular variants of a disclosed protein are 
disclosed herein, the knovm nucleic acid sequence that encodes that protein in the particular 
organism from which that protein arises is also known and herein disclosed and described. 

20 6. Antiandrogens and molecules modulating hormonal secretion 

254. There are a nimiber of different types of molecules functioning as antiandrogens 
and molecules modulating hormonal secretion that can be used in androgen receptor/androgen 
related cancer therapies, such as prostate cancer therapies. For example, hormonal secretion from 



the hypothalamus can be modulated by LH-RH agonists, such as Lupron (Formula 3, Cas Nr 

25 0053714-56-0) 5 'oxo-Pro-His-Trp-Ser-Tyr-Dleu-Leu-Arg-Pro-NH-CH2-CH3 
and Zoladex, (Formula 4, Cas Nr. 0065807-02-5) 

CH3 



which inhibit the production of Testosterone (T) by the testes and adrenal glands. There are also 
30 anti-androgen therapeutics, such as Flutamide (Formula 5, 00133 1 1-84-7) 




•5-oxo-Pro 



His Trp — Ser Tyr — D-Ser 



•Leu — Arg 



Pro — NH N C NH2 

H O 
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CH, 



O2N 



Formula 5 

, Casodex (Formula 6, CasNr. 0090357-06-5) 




Formula 6 

, and Nilutamide (Formula 7, Cas Nr. 0063612-50-0) 



H,C 



10 




H3C 



Formula 7 

, which can block the androgen binding to AR. Other therapies include the administration of 5-a 
reductase inhibitors, such as Proscar (Finasteride) (Formula 8 as Nr. 0098319-26-7) 



15 
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Formula 8 

255. , which can inhibit the conversion of T to DHT. DHT is the most effective ligand 
5 for AR with higher binding affinity that T. However, this compoimd is generally applied for 

BPH patients rather than for prostate cancer patients. 

256. Estrogen, such as DES, estradiol, and Stilphosterol Honvan, have also been used 
in the treatment of prostate cancer. These molecules can decrease the amount of hormones from 
the hypothalamus. These molecules can decrease the T synthesis from testis by inducing a 

10 negative feed-back regulatioin in leutinizing hormone (LH) secretion from the pituitary gland 
and gonadotropin releasing hormone (GnRH) secretion from the hypothalamus. Other 
therapeutics include Ketoconazole (Nizoral), which can inhibit the cytochrome p459 enzyme 
system to reduce T synthesis, and steriods such as Hydrocortisone, Aminoglutethemide 
(Cytadren), dexmethasome (Decadron), and Cyproterone (Androcur). Ketoconazole is usually 

15 used as a second line hormone therapy in patients with stage IV recurrent prostatic cancer. 
Aminoglutethimide (Cytadren) blocks adrenal steroidogenesis by inhibiting the enzymatic 
conversion of cholesterol to pregnenolone. Cypoterone is a steroidal antiandrogen with weak 
progestational activity that results in the partial suppression of pituitary gonadotropin and a 
decrease in serum T. The main purpose of using Hydrocortisone and Decadron is to relieve the 

20 symptoms and increase the quality of life of prostate cancer patients. It is imderstood that 
combinations of these therapeutics are performed and herein disclosed. 

257. Thus, disclosed are anti-prostate cancer compounds, such as, flutamide/HF, 
casodex, niflutamide, finasteride, 1, 25-dihydroxyl, vitamin D3, and natural products including 
quercetin, resveratrol, silymarin, isoflavonoids, epigallocatechin gallate (EGCG), 

25 docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA). These and others, can all be 
added in combination with the molecules disclosed herein that inhibit androgen independent 
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activity of AR, such as ARA67, GSK2B, and hRad9, and various fragnients. These can be used 
collectively or individually in any combination. 

258. Typically, the antiandrogens and antihormone cancer compounds can be provided 
at concentrations of less than or equal to 20 uM, 15 uM, 10, uM, 5 uM, 2 uM, 1 uM, .1 uM, or 
5 .01 uM. Typically the other disclosed inhibitors, can be administered at concentrations of less 
than or equal to 1 mM, 0.5mM, 100 uM, 90 uM, 80 uM, 70 uM, 60 uM, 50 uM, 40 uM, 30 uM, 
20 uM, 15 uM, 10, uM, 5 uM, 2 uM, 1 uM, .1 uM, or .01 uM. Furthermore, typically, anticancer 
agents will be dosed at a 0.1-10 mg/kg range and at times they can fall into a 0.01-30 mg/kg 
range depending on the bioactivity of the compounds. Furthermore administration depends on 

1 0 patient body weight and disease state and can be determined. Those of skill in the art understeind 
how to assay for the optimal concentration for administration in vivo, of any of the disclosed 
compositions, by for example, relying on disclosed cell and animal models for action, as well as 
by testing the compositions in vivo at various concentrations. 

7. Pharmaceutical carriers/Delivery of pharamceutical products 

15 259. As described above, the compositions can also be administered in vivo in a 

pharmaceutically acceptable carrier. By "pharmaceutically acceptable" is meant a material that is 
not biologically or otherwise undesirable, i.e., the material maybe administered to a subject, 
along with the nucleic acid or vector, without causing any undesirable biological effects or 
interacting in a deleterious manner with any of the other components of the pharmaceutical 

20 composition in which it is contained. The carrier would naturally be selected to minimize any 
degradation of the active ingredient and to minimize any adverse side effects in the subject, as 
would be well known to one of skill in the art. 

260. The compositions may be administered orally, parenterally (e.g., intravenously), 
by intramuscular injection, by intraperitoneal injection, transdermally, extracorporeally, topically 

25 or the like, although topical intranasal administration or administration by inhalant is typically 
preferred. As used herein, "topical intranasal administration" means delivery of the compositions 
into the nose and nasal passages through one or both of the nares and can comprise delivery by a 
spraying mechanism or droplet mechanism, or through aerosolization of the nucleic acid or 
vector. The latter may be effective when a large number of animals is to be treated 

30 simultaneously. Administration of the compositions by inhalant can be through the nose or 

mouth via delivery by a spraying or droplet mechanism. Delivery can also be directly to any area 
of the respiratory system (e.g., lungs) via intubation. The exact amount of the compositions 
required will vary from subject to subject, depending on the species, age, weight and general 
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condition of the subject, the severity of the allergic disorder being treated, the particular nucleic 
acid or vector used, its mode of administration and the like. Thus, it is not possible to specify an 
exact eunount for every composition. However, an appropriate amoimt can be determined by one 
of ordinary skill in the art using only routine experimentation given the teachings herein. 
5 261 . Parenteral administration of the composition, if used, is generally characterized 

by injection. Injectables can be prepared in conventional forms, either as liquid solutions or 
suspensions, solid forms suitable for solution of suspension in liquid prior to injection, or as 
emulsions. A more recently revised approach for parenteral administration involves use of a 
slow release or sustained release system such that a constant dosage is maintained. See, e.g., 

10 U.S. Patent No. 3,610,795, which is incorporated by reference herein. 

262. The materials may be in solution, suspension (for example, incorporated into 
microparticles, liposomes, or cells). These may be targeted to a particular cell type via 
antibodies, receptors, or receptor ligands. The following references are exemiples of the use of 
this technology to target specific proteins to tumor tissue (Senter, et al., Bioconiugate Chem.. 

15 2:447-451, (1991); Bagshawe, K.D., Br. J. Cancer . 60:275-281, (1989); Bagshawe, et al., Br. J. 
Cancer . 58:700-703, (1988); Senter, et al., Bioconiugate Chem. . 4:3-9, (1993); Battelli, et al.. 
Cancer Immunol. Immunother. . 35:421-425, (1992); Pietersz and McKenzie, Immunolog. 
Reviews . 129:57-80, (1992); and Roffler, et al., Biochem. Pharmacol. 42:2062-2065, (1991)). 
Vehicles such as "stealth" and other antibody conjugated liposomes (including lipid mediated 

20 drug targeting to colonic carcinoma), receptor mediated targeting of DNA through cell specific 
ligands, lymphocyte directed tumor targeting, and highly specific therapeutic retroviral targeting 
of murine glioma cells in vivo. The following references are examples of the use of this 
technology to target specific proteins to tvmior tissue (Hughes et al.. Cancer Research. 49:6214- 
6220, (1989); and Litzinger and Huang, Biochimica et Biophysica Acta . 1 104:179-187, (1992)). 

25 In general, receptors are involved in pathways of endocytosis, either constitutive or ligand 
induced. These receptors cluster in clathrin-coated pits, enter the cell via clathrin-coated 
vesicles, pass through an acidified endosome in which the receptors are sorted, and then either 
recycle to the cell surface, become stored intracellularly, or are degraded in lysosomes. The 
internalization pathways serve a variety of functions, such as nutrient uptake, removal of 

30 activated proteins, clearance of macromolecules, opportunistic entry of viruses and toxins, 
dissociation and degradation of ligand, and receptor-level regulation. Many receptors follow 
more than one intracellular pathway, depending on the cell type, receptor concentration, type of 
ligand, ligand valency, and ligand concentration. Molecular and cellular mechanisms of 
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receptor-mediated endocytosis has been reviewed (Brown and Greene, DNA and Cell Biology 
10:6, 399-409 (1991)). 

a) Pharmaceutically Acceptable Carriers 

263. The compositions, including antibodies, can be used therapeutically in 
5 combination with a pharmaceutically acceptable carrier, 

264. Pharmaceutical carriers are known to those skilled in the art. These most 
typically would be standard carriers for administration of drugs to humans, including solutions 
such as sterile water, saline, and buffered solutions at physiological pH. The compositions can 
be administered intramuscularly or subcutaneously. Other compounds will be administered 

10 according to standard procedures used by those skilled in the art. 

265. Pharmaceutical compositions may include carriers, thickeners, diluents, buffers, 
preservatives, surface active agents and the like in addition to the molecule of choice. 
Pharmaceutical compositions may also include one or more active ingredients such as 
antimicrobial agents, antiinflammatory agents, anesthetics, and the like. 

15 266 . The pharmaceutical composition may be administered in a number of ways 

depending on whether local or systemic treatment is desired, and oil the area to be treated. 
Administration may be topically (including ophthalmically, vaginally, rectally, intranasally), orally, 
by inhalation, or parenterally, for example by intravenous drip, subcutaneous, intraperitoneal or 
intramuscular injection. The disclosed antibodies can be administered intravenously, 

20 intraperitoneally, intramuscularly, subcutaneously, intracavity, or transdermally. 

267. Preparations for parenteral administration include sterile aqueous or non-aqueous 
solutions, suspensions, and emulsions. Examples of non-aqueous solvents are propylene glycol, 
polyethylene glycol, vegetable oils such as olive oil, and injectable organic esters such as ethyl 
oleate. Aqueous carriers include water, alcoholic/aqueous solutions, emulsions or suspensions, 

25 including saline and buffered media. Parenteral vehicles include sodium chloride solution, 
Ringer's dextrose, dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous 
vehicles include fluid and nutrient replenishers, electrolyte replenishers (such as those based on 
Ringer's dextrose), and the like. Preservatives and other additives may also be present such as, 
for example, antimicrobials, anti-oxidants, chelating agents, and inert gases and the like. 

30 268. Formulations for topical administration may include ointments, lotions, creams, 

gels, drops, suppositories, sprays, liquids and powders. Conventional pharmaceutical carriers, 
aqueous, powder or oily bases, thickeners and the like may be necessary or desirable. 
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269. Compositions for oral administration include powders or granules, suspensions or 
solutions in water or non-aqueous media, capsules, sachets, or tablets. Thickeners, flavorings, 
diluents, emulsifiers, dispersing aids or binders may be desirable.. 

270. Some of the compositions may potentially be administered as a pharmaceutically 
5 acceptable acid- or base- addition salt, formed by reaction with inorganic acids such as 

hydrochloric acid, hydrobromic acid, perchloric acid, nitric acid, thiocyanic acid, sulfuric acid, 
and phosphoric acid, and organic acids such as formic acid, acetic acid, propionic acid, glycolic 
acid, lactic acid, pyruvic acid, oxalic acid, malonic acid, succinic acid, maleic acid, and fumaric 
acid, or by reaction with an inorganic base such as sodium hydroxide, ammonium hydroxide, 
10 potassium hydroxide, and organic bases such as mono-, di-, trialkyl and aryl amines and 
substituted ethanolamines. 

b) Therapeutic Uses 

27 1 . The dosage ranges for the administration of the compositions are those large 
enough to produce the desired effect in which the symptoms disorder are effected. The dosage 

15 should not be so large as to cause adverse side effects, such as unwanted cross-reactions, 

anaphylactic reactions, and the like. Generally, the dosage will vary with the age, condition, sex 

and extent of the disease in the patient and can be determined by one of skill in the art. The 
dosage can be adjusted by the individual physician in the event of any counterindications. 
Dosage can vary, and can be administered in one or more dose administrations daily, for one or 
20 several days. 

8. Compositions with similar funtions 

272. It is understood that the compositions disclosed herein have certain fimctions, 
such as binding AR or inhibiting AR fimction, such as non-androgen related AR activity. 
Disclosed herein are certain structural requirements for performing the disclosed functions, and 

25 it is understood that there are a variety of structures which can perform the same function which 
are related to the disclosed structures, and that these structures will ultimately achieve the same 
result, for example, inhibition of non-androgen related AR activity. 
D. Methods of making the compositions 

273. The compositions disclosed herein and the compositions necessary to perform the 
30 disclosed methods can be made using any method known to those of skill in the art for that 

particular reagent or compoimd imless otherwise specifically noted. 

274. Disclosed are animals produced by the process of transfecting a cell within the 
animal with any of the nucleic acid molecules disclosed herein. Disclosed are animals produced 
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by the process of transfecting a cell within the animal any of the nucleic acid molecules 
disclosed herein, wherein the animal is a mammal. Also disclosed are animals produced by the 
process of transfecting a cell within the animal any of the nucleic acid molecules disclosed 
herein, wherein the mammal is mouse, rat, rabbit, cow, sheep, pig, or primate. 
5 275. Also disclose are animals produced by the process of adding to the animal any of 

the cells disclosed herein. 

£. Methods of using the compositions 

1. Method of treating cancer 
276. The disclosed compositions can be used to treat any disease where uncontrolled 
10 cellular proliferation occurs such as cancers and which are related to AR. A non-limiting list of 
different types of cancers is as follows: lymphomas (Hodgkins and non-Hodgkins), leukemias, 
carcinomas, carcinomas of solid tissues, squamous cell carcinomas, adenocarcinomas, sarcomas, 
gliomas, high grade gliomas, blastomas, neuroblastomas, plasmacytomas, histiocytomas, 
melanomas, adenomas, hypoxic tumours, myelomas, AIDS-related lymphomas or sarcomas, 
15 metastatic cancers, or cancers in general. A representative but non-limiting list of cancers that 
the disclosed compositions can be used to treat is the following: bladder cancer, kidney cancer, 
prostate cancer, colon cancer, breast cancer, renal cancer, genitourinary cancer, large bowel 
cancer, and testicular cancer. 
F. Examples 

20 277. The following examples are put forth so as to provide those of ordinary skill in 

the ait with a complete disclosure and description of how the compounds, compositions, articles, 
devices and/or methods claimed herein are made and evaluated, and are intended to be purely 
exemplary of the invention and are not intended to limit the scope of what the inventors regard 
as their invention. Efforts have been made to ensure accuracy with respect to numbers (e.g., 
25 amounts, temperature, etc.), but some errors and deviations should be accounted for. Unless 

indicated otherwise, parts are parts by weight, temperature is in °C or is at ambient temperature, 
and pressure is at or near atmospheric. 
1. Example 1 

a) Materials and Methods 
30 (1) Generation of female AR-/- mice 

278. Construction of targeting vectors and generation of the chimera founder mice 
have been described previously (Yeh et al. 2002). The strain of the mosaic founder was 
C57BL/6-129/SEVE. P-Actin is a housekeeping gene and is universally expressed in every 
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tissue. Therefore, the p-actin promoter driven Cre (ACTB-Cre) will express and delete the 
flexed AR fragment in all the cells. The mating strategy is briefly illustrated in Fig. 1 . The 
female AR^' mice were genotyped by PGR, rather than by Southern blot analysis, as described in 
figure legend and previously (Yeh et al. 2002). (Also see PCT application, PCT/US02/24234, 
5 which discloses androgen receptor knockouts and is herein disclosed and incorporated by 
reference at least for material related to androgen receptor knockouts) 

(2) Animal, tissue collection, and real-time RT-PCR. 

279. All animal experimentation was conducted in accordance with accepted standards 
of humane animal care. Tissues were fixed in 4% paraformaldehyde for 24 h at 4° C. Paraffin- 

10 embedded tissues were sectioned (5-7 jam) onto Probe-On Plus charged slides (Fisher Scientific, 
Pittsburgh, PA). Fresh mammary gland tissues were frozen in liquid nitrogen and stored at -80° 
C before RNA extraction. 3 jxg of total RNA was reverse-transcribed (RT) and subjected to real- 
time PGR using iGycle (Bio-Rad). Primer sequences were designed by Beacon Designer n 
software (Bio-Rad) and the formula used were described previously (Bieche et al. 2001). P-Actin 

15 was used as an internal control. 

(3) Whole-mount staining of mammary glands 

280. Whole mammary glands were fixed overnight in Carney's solution 
(Ethanol:CHC13:acetic acid, 6:3:1), spread on glass slides, sequentially rehydrated by 100%, 
95%, 70%, and 50% ethanol and tap water, then stained in carmine red solution overnight till the 

20 whole gland become red. After staining, the tissue slides were dehydrated, cleared with xylene, 
and mounted. 

(4) Immunohlstochemistry (IHC) and BrdUstaining 

281 . Mammary glands were fixed overnight in buffered neutral formalin (VWR 
Scientific Products) at room temperature. The tissues were dehydrated by passing through 70%, 

25 85%, 95%, and 100% ethanol, cleared in xylene, then 1 : 1 xylene:paraffin for 45 min, and 
embedded in paraffin. Tissue sections were cut at 4-|im and mounted onto slides. 

282. For IHC, sections were heated at 55°C at least 2 h, deparaffinized in xylene, 
rehydrated, and washed in Tris-buffered saline (TBS)/pH 8.0. For antigen retrieval, slides were 
microwaved in 0.01 M sodium citrate/pH 6.0, and immersed with 1% hydrogen peroxide in 

30 methanol for 30 min, then blocked with 20% normal goat serum in TBS for 60 min. After 

washing with PBS, sections were incubated for 90 min in different antibody of diluted 1 :200 to 
1 :500 in TBS containing 1% bovine serum albumin (BSA), followed by goat anti-rabbit 
biotinylated secondary antibody diluted 1:300 in TBS containing 1% BSA. Then sections were 
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incubated with ABC solution for 30 min, followed by development with DAB peroxidase 
substrate kit (Vector Laboratories) for 5 min. Slides were coimterstained with hematoxylin for 30 
sec, then dehydrated, cleaned in xylene, and mounted. Primary antibody was replaced with 
normal rabbit IgG or 1% BSA in TBS for negative controls. For BrdU labelling, BrdU reagent 
5 and BrdU staining kit were purchased from Zymed Laboratories. 

(5) Steroid hormone RIA 

283. For characterization of hormonal profiles, blood samples obtained from AR"^'^ and 
AR '" mice by the intracardiac method under ketamine and xylazine anesthesia (Sigma) were 
collected into centrifuge tubes containing 50 mM EDTA. Estrogen and progesterone were 

10 checked using Coat-a-Coimt kits (Diagnostic Products). 

(6) Statistical analysis 

284. All data were analyzed by one-way ANOVA using minitab statistical software 
(State College, PA). Mean separation was accomplished using Fisher's pairwise comparison. 
Differences were considered significant at p<0.05. 

1 S (7) Construction of tiie AR targeting vector and generation of AR-/- 

MCF7 cells 

285. The targeting vector for generating AR"^' MCF7 cells was constructed by 
replacing the Smal-Kpnl segments within the AR exon 1 with a promoterless neomycin cassette 
and inserting two flanking sequences, 5' extending 1.1 kb into the human AR 5' UTR and 3' 

20 extending 6.2 kb into the AR intron 1 , on a pGEM-T easy vector (Promega). This promoterless 
neomycin cassette was inserted in frame with AR ATG and contains a termination codon and a 
polyadenylation signal. The flanking homologous sequences were generated by PGR using the 
genomic DNA from human LNCaP cells as template. For generation of AR"'" MCF7 cells, 
parental MCF7 cells were transfected with the Aatll-linearized AR targeting vector using 

25 SuperFect (Qiagen) and then selected with neomycin (400 |j,g/ml). The genotypes of surviving 
clones were screened by Southern blot analyses. The heterozygous clones (AR"^'^ were picked 
up and subjected to the second gene targeting experiment using the same targeting vector. 
Clones were then selected with a higher concenfration of neomycin (1 .25 mg/ml). The genotypes 
of surviving clones were again screened by Southern blot analyses. 

30 (8) Construction of AR siRNA expression plasmid 

286. A small interfering RNA was expressed in mammahan cells by transfection of a 
DNA-based vector BS/U6 (Sui et al. 2002) containing a homologous sequence 
(GGGCCCCTGGATGGA-TAGCTAC SEQ ID NO:9), a 6-bp spacer (CTCGAG), an inverted 
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homologous sequence (GTAGCTATCCATCCAGGGGCC SEQ ID NO: 10), and 5 Ts, at the 
transcription initiation site of the U6 promoter. See SEQ ID NO. 1 1 and 12 for full AR siRNA. 

(9) MTT growth assays 

287. 104 cells seeded on 24- well plates were cultured with RPMI 1640 supplemented 
5 with 1 0% of CDS-FBS (charcoal-dextran-stripped FBS) for treatment with 0. 1 nM E2 or 0.2% 
of HI-FBS (heat-inactivated FBS) for treatment with 100 ng/ml IGF-I or 50 ng/ml EGF. The 
cells were collected at indicated days for MTT assay according to the manufacturer's instructions 
(Sigma). 

(10) Soft-agar colony formation assay 

10 288. 2 X 104 cells suspended in 0.4% low melting agarose (FMC) were layered on top 

of 1 ml of 0.8% agarose in 6-well culture plates. Cells were incubated with 1 ml RPMI 1640 
supplemented with 10% CDS-FBS for treatment with 0.1 nM E2 or 0.2 % HI-FBS for treatment 
with 100 ng/ml HRG-a After 4 weeks of incubation, the colonies were visualized by staining 
with 1 mg/ml INT (Sigma) for 24 h and counted with VersaDoc Imaging System (Bio-Rad). 

15 (1 l)Reporter gene assays 

289. Cells were plated in 96^well plates and plasmids at 0.5 jxg per well were 
transfected into cells using SuperFect (Qiagen). The medium was changed 2 h after transfection 
and cells were cultured in the medium containing 10% CDS-FBS or 0.2% HI-FBS for 16 h, 
followed by treatment with 50 ng/ml EGF, 100 ng/ml IGF-I, 100 ng/ml HRG-a 0.1 nM E2, or 1 

20 nM DHT for another 1 6 h. Cells were then harvested and the luciferase activity was analyzed 
using Dual-Luciferase Reporter Assay System (Promega). 5 ng pRL-TK per well was used as 
internal control. 

(12) Western blots 

290. Cells were lysed with RIPA buffer containing 0.5% Nonidet P-40 and Western 
25 blotted with anti-AR (NH-27), anti-ER, anti-actin (Santa Cruz), anti-MAPK, and anti- 

phosphoMAPK (Cell Signaling). 

b) Results 

291 . Generation and phenotype of female AR-/- mice was performed using a Cre-lox 
conditional knockout strategy by mating the floxed AR male mice with AR^'' ACTB Cre* 

30 females, and thus, female AR"'" mice and AR^' ACTB Cre"^ (Fig. 1 A, B) were generated (See 

PCT application, PCT/US02/24234, which discloses androgen receptor knockouts and is herein 
disclosed and incorporated by reference at least for material related to androgen receptor 
knockouts). Adult female mice with homologous deletion of AR appear healthy and develop 
normal extemal genitalia. Gross anatomical examination did not reveal obvious differences in 
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the morphology of most organs between the AR"^'"^ and AR'^" littermates. The body weights were 
similar between the AR^'^ and AR-/- mice, but the thymus of female AR mice was bigger than 
that of female AR*'"" or AR^'" mice. Several estrogen target organs, including mammary gland, 
ovary, oviduct, and uterus, were collected from 4-, 6-, and 12-wk-old mice. The weight of these 
5 organs was 15-23% less in female AR"^' mice as comparing to their age-matched littermates. 

(1) Defects of mammary gland development in prepubertal and 
pubertal stages in female AR''' mice 

292. The morphology of mammary glands was compared between immature (4-wk-old 
and 6-wk-old) virgin AR"^'* and AR^' mice. At the 4th-6th week, the ductal system had about 

10 50% less extension in female AR"'" mice with reduced numbers and size of the terminal end buds 
(TEBs) (Fig. 1C,E). Bromodeoxyuridine (BrdU) staining also revealed a 50% lower proliferation 
of AR-/- mammary glands, as compared with that of AR^'^ mice (Fig. 1D,E). The size and 
number of Cap cells (Silberstein 2001), which are responsible for the ductal extension firom 
TEB, were also reduced in female AR^' mice (Fig. IF). Together, the results indicated that the 

15 mammary gland development is retarded in prepubertal and pubertal stages in female AR^" mice. 

(2) Reduced ductal morphogenesis in the mammary glands of the 
mature AR"'* mice 

293. At maturity (8-, 16-, and 20-wk-old), AR^' mammary glands were filled with 
large bloated ducts terminating with bloated ends. Also AR''" mammary glands have fewer 

20 secondary and tertiary ductal branches as compared to age-matched AR^'' and AR"^'^ mice (Fig. 
2A-C). During the pregnancy stage, the retarded ductal branches in AR''" mice are partially 
restored, yet compared to wt mice, the AR"'' mice mammary glands still have less milk- 
producing alveoli (Fig. 2D). In agreement with these findings, shrunken ductal spaces were 
observed in some AR''' mice mammary glands at 1 6-wk-old or older mice (Fig. 2E) and 

25 abnormal nursing behavior in AR^' mother. The decreased milk producing alveoli and shrunken 
ductal spaces resulted in the lessened capacity for AR"''mice to feed their offspring. In 20-wk-old 
mice, the mammary glands in AR-/-mice underwent degeneration earlier than those of the AR"^'"^ 
mice (Fig. 2C). Together, Fig. 2 demonstrates that the lack of AR in female mice can retard the 
mammary gland development and affect the capacity of female AR"'' mice to feed their offspring. 

30 (3) Defects of MAPK activity and IGF-I/IGF-IR pathway in AR''' 

mammary glands 

294. Early studies indicated that major factors, including E2/ER, P/PR, and paracrine 
growth factors/MAPK signals, may contribute to the growth and development of mammary 
glands (Lydon et al. 1995; Niemann et al. 1998; Couse and Korach 1999). Immunostaining data 
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show that the phospho-MAPK expression is weaker in the mammary cells from AR"'" mice, 
compared with AR^'* mice (Fig. 3 A, B, the representative results from 6-wk-old mice are 
shown), although the total MAPK protein expression is similar between AR"'' and AR*'* mice. 
Upsfream regulators of MAPK signals, IGF-I/IGF-I receptor (IGF-IR) were examined next. It 
5 was found that IGF-IR, but not IGF-I, mRNA expression was reduced by 46% in immatvire 
female AR''" mice (Fig. 3C), indicating that the IGF-I/IGF-IR-* MAPK signaling pathway may 
be defective in female AR'' mice. The expression of the downstream target, cyclin Dl, between 
AR"'" and AR^'^ mice was investigated. The cyclin D 1 mRNA expression was significantly 
reduced in female AR"'' mice (Fig. 3C). Similar reduction of the cyclin Dl protein levels, using 

10 immunostaining, also occurred. Together, the data showing that the reduction of IGF-IR, cyclin 
Dl, and MAPK activity indicates Uiat the defects in the AR-* IGF-I/IGF-IR-* MAPK-* cyclin 
Dl signaling pathway can result in the retarded mammary gland development in female AR'^' 
mice. This is in agreement with early reports showing that IGF-I/IGF-IR is an important 
paracrine growth factor for mammary gland development (Kleinberg et al. 2000; Bonnette and 

15 Hadsell 2001), and cyclin Dl is a downstream mediator of growth factor-induced mammary 
gland proliferation (Brisken et al. 2002). 

295. Before systematic hormone function which occurs after puberty, growth factors, 
such as IGF-I, are the major contributing factors to influence the mammary gland development. 
IGF-I is a potent mitogen for mammary epithelial cells, and the ductual development can be 

20 stimulated by IGF-I. The mRNA for IGF-I and IGF-IR are expressed in mammary sfroma and 
developing TEB, and targeted deletion of IGF-IR inhibits normal TEB development before 
puberty (Bonnette and Hadsell 2001). Disclosed herein, the results indicated that knockout of 
AR affects the mammary gland development before the puberty stage (Figs. 1 and 3), which 
indicated a possible disturbance on the growth factor pathway. Indeed, the results indicated that 

25 the reducing of IGF-IR expression consequently affected the IGF-I/IGF-IR signal on 

development of the mammary gland, including retarded ductual development, less Cap cell in 
the terminal end bud, and reduced BrdU staining and cyclin Dl expression (Fig. 1 and 3). The 
above observations in the prepubertal ARKO mammary glands indicated a tight association 
between AR and growth factor signals in the mammary gland. Together, the results provided in 

30 vivo evidence that AR plays a significant role in the prepubertal mammary gland development. 

(4) Reduced £R activity in AR-/- mammary glands 

296. Early studies indicated that MAPK could also influence ER frinction (Kato et al. 
1995), and the cyclin Dl could also be a downstream target gene for ER (Said et al. 1997). 
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Defects in MAPK and cyclin Dl may suggest that ER signals could also be impaired in the 
female AR"'" mice. Therefore, 5-wk-old mice were ovariectomized, treated with E2 for 2 days, 
and harvested the mammary glands of the mice for the comparison of the ER activity by 
examining ER target gene expression between AR"'' and AR^'^ mice. It was found that estrogen 
5 induced estrogen-responsive finger protein (E:^) (Inoue et al. 1993) and hepatocyte growth 

factor (HGF) (Jiang et al. 1997) were down-regulated in female AR"^" mice as compared to AR^^* 
mice (Fig. 3D). Early studies also indicated that both Efp and HGF were important factors for 
breast cell growth (Niemann et al. 1998; Urano et al. 2002). Interestingly, PR expression in 
mammary glands was similar between AR"^' and AR^'"^. This finding is consistent with a previous 

10 report showing PR expression is E2/ER-independent in 5-wk-old or younger mice (Haslam 

1988). Nevertheless, the serum levels of PR's ligand, progesterone (P), was reduced in 12- to 16- 
wk-old adult female AR^" mice (Fig. 3E), which can result in the reduction of P/PR activity in 
mature mice. As the P/PR signal pathway plays important roles for the tertiary ductal branching 
and alveolar development (Lydon et al. 1995), the lower P/PR activity in AR^' mice can 

15 contribute to the retarded branching and lobuloalveolar formation in the development of mature 
stage mammary glands. 

(5) The AR-/- MCF7 cells exhibit severe defects in growth and colony 
formation 

297. To further dissect the mechanisms of AR roles in breast at molecular and cellular 
20 levels, homologous recombination was applied by using a targeting vector carrying a 

promoterless neomycin cassette to generate AR-deficient (AR''") MCF7 cells (Fig. 4A). Two AR" 

MCF7 clones have been successfully obtained, and the targeted loci were confirmed by 
Southern blot analysis (Fig. 4B). In these two homologous clones, the expression and the ligand- 
activated transcriptional activity of AR were indeed abrogated (Fig. 4C, D). It was foimd that 
25 AR"'" MCF7 cells exhibit a severe impairment in proliferation when cultured in media containing 
normal, steroid-deprived, or 10"'*^ E2-treated serum (Fig. 4E). The sofl-agar colony formation 
assay also showed that the colony number of AR*'^ MCF7 cells was increased in response to E2 
(10"'°M) or heregulin-a (HRG-a,100 ng/ml), an activator for the HER2/HER3/HER4 family, 
whereas the colony formation of AR"'" MCF7 cells was defective (Fig. 4F). A small interfering 
30 RNA (siRNA) was applied to interrupt AR expression in AR*'^ MCF7 cells. It was found that 
AR siRNA-transfected cells had a lower degree of Ki67 immimostaining, and the mRNA levels 
of Ki67 and c-myc were reduced by 42% and 81%, respectively. Together, Fig. 4 indicates that 
AR plays an essential role for the growth of breast cancers. 
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(6) The growth factor-mediated proliferation and MAPK activation is 
impaired in AR"'" MCF7 

298. Next, whether the loss of AR impairs the growth factor-mediated proHferation 
and MAPK activation in AR"'" MCF7 cells was examined. Treatment of AR*'"" MCF7 cells with 

5 IGF-I, epidermal growth factor (EGF), or HRG-a could stimulate cell proliferation and activate 
GAL4-Elkl, a direct target of MAPK, in a low serum-containing medium (Fig. 5A,B)- In 
contrast, these growth factors-stimulated cell proliferation and MAPK activation was largely 
impaired in the AR^'MCF? cells (Fig. 5A, B). Using another strategy by transfection of AR 
siRNA into AR"^'"^ MCF7 cells, it was found that suppression of AR expression could also 

10 diminish IGF-I/EGF/HRG-a-induced MAPK activation (Fig. 5B) and the number of cells 

entering S-phase of the cell cycle. Moreover, the reduced transcriptional activity of GAL4-Elkl 
in AR"'" MCF7 cells could be rescued by transfection of a natural AR promoter (-3.6k ~ +1)- 
driven AR expression plasmid (np-AR), which contains a full-length AR cDNA flanked with its 
natural 5' and 3' UTRs (Fig. 5C). Interestingly, adding EGF with np-AR can enhance 

15 synergistically the transactivation of GAL4-Elkl in AR-/- MCF7 cells, compared with the cells 
treated with EGF alone (Fig. 5C), indicating a significant involvement of AR in the growth 
factor signaling pathway. Furthermore, the AR-activated GAL4-Elkl activity can be diminished 
by MAPK phosphatase- 1 (CL- 100) or a specific inliibitor U0126, as well as dominant-negative 
Ras or Raf (Sugimoto et al. 1998) (Fig. 5D). Also, the reduction of MAPK activation by AR 

20 siRNA can be recovered by constitutively activated MEK (MEK-CA), Ras (Ras-CA), or Raf 
(Raf-CA), but not by Rac (Sells et al. 1997) (Rac-CA) or PI3K (pllO subunit). These results 
indicate that AR is an important upstream regulator of the Ras/Rafi'MAPK cascade. 

(7) The transcriptional activity of £R is defective in AR"^' MCF7 cells 

299. The ER activity in AR^" MCF7 cells was examined. The transcriptional activities 
25 of ER were reduced by 58.8%, 53.8%, and 55.0% in AR"^" MCF7 cells in the presence of E2 at 

10''^ M, 10"*° M, and 10"* M, respectively, using a ERE-luciferase reporter (Fig. 5E). The 
reduced transcriptional activity of ER in AR''" MCF7 cells can be restored by transfection of np- 
AR (Fig. 5F). These results match well the data in Fig. 3C showing ER target gene expression is 
reduced in AR"'" mouse breasts. 
30 (8) The N-terminus/DBD of AR is required for MAPK activation 

300. To further determine which functional domain of AR is required to restore the 
normal MAPK activity in AR"'" MCF7 cells, various AR fragments were reintroduced into AR"'" 
MCF7 cells (Fig. 6A). The N-terminus together with DBD, but not ligand binding domain 
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(LBD), LBD with deletion of helix 12 domain (LBD-dH12), DBD alone, or N-terminus alone, 
can restore the MAPK activation (Fig. 6A). Next, since an AR mutant (AR-R608K) has been 
suggested to be associated with male breast cancer (Lobaccaro et al. 1993), its effect on the 
MAPK activation was investigated. In AR^" MCF7 cells AR-R608K had a higher induction fold 
5 on MAPK activation than AR-FL (Fig. 6B), indicating that the contribution of AR-R608K to 
breast cancer incidence can involve the excessive activation of MAPK. Next, the requirement of 
AR N-terminus/DBD, but not LBD, to restore the MAPK activation was further confirmed by 
utihzing a double mutation AR (AR-R614H-dprm) with a deletion of the proline-rich motif 
(dprm) at the N-terminal region (Migliaccio et al. 2000) and a point mutation on the second zinc- 

1 0 finger motif (R61 4H) at the DBD (Beitel et al. 1 994). While AR with either single mutation, 

AR-R614H or AR-dprm, still partially retains the ability to activate MAPK, the double mutation 
of AR-R614Hdprm almost loses the whole capacity to restore the MAPK activity even though 
these AR mutants contains intact LBDs (Fig. 6B). Finally, an attempt to restore the defect of cell 
proliferation by transfection of AR-FL into AR"'" MCF7 cells was made. Transient transfection 

15 using expression plasmids may involve many unpredictable artificial side effects, for example, 
either over-expression or under-expression of AR that may result in the different influence on 
cell proliferation (Maucher and von Angerer 1993; Di Monaco et al. 1995; Szelei et al. 1997). 
However, the early results from transient transfection indicate that adding AR-FL, but not AR- 
R614H-dprm can partially restore the retarded cell proliferation in the AR"'" MCF7. Further 

20 extensive approaches with stable transfection, using various expression vectors with the natural 
AR promoter, to restore the original physiological concentrations of AR in AR"^' MCF7 cells can 
further strengthen the data fijom knockout AR approaches and prove the essential roles of AR in 
MCF7 cell proliferation. 

301 . Migliaccio et al (Migliaccio et al. 2000) reported that AR could activate MAPK 

25 via the interaction between the proline-rich motif of AR and the SH3 domain of c-Src. But they 
demonstrated that this interaction occurred quickly and could be initiated in a short time by 
androgen or estrogen treatment. In contrast. Fig. 6A demonstrates that AR N-terminus/DBD, 
without the LBD, can induce MAPK activity, indicating that AR, but not androgen, is the major 
factor to activate MAPK activity. Early studies of androgen/AR roles in breast cancer are mainly 

30 focused on the effect of androgen treatment on the breast cancer: androgen could either promote 
or suppress breast cancer growth (Birrell et al. 1995; Xie et al. 1999; Dimitrakakis et al. 2002). 
Disclosed herein, however, the effect of AR protein itself can also have an effect and could go 
through interaction with other protein (s) to have non-genomic and/or non-androgenic activities. 
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AR signals can utilize multiple pathways, including the classic androgen/AR-> AR target genes 
of genomic actions as well as AR-* AR interaction proteins of non-genomic action to exert its 
roles in the breast cancer progression. This is in agreement with early reports showing ER could 
also cross-talk to MAPK in breast cancer cells (Kato et al. 1995; Greene 2003). Li addition to 
5 estrogens, ER could be activated via phosphorylation at Serl 18 by MAPK to induce its target 
gene expression (Kato et al. 1995). In return, ER could also induce the Ras-Raf-MAPK cascade 
via non-genomic action (Migliaccio et al. 2000). The results disclosed herein show that AR can 
influence both MAPK and ER signals, and therefore indicates that the reduction of ER activity 
can be due to the reduced MAPK activity and the reduced MAPK activity can be due to the 
10 reduced ER activity in AR^" MCF7 cells and in AR"'" mice. 

302. Disclosed herein is in vivo evidence showing AR can go through growth factors, 
MAPK, and ER/PR signals (summary in Fig. 6C) to control the normal breast development, and 
modulate the breast cancer proliferation, especially in the conditions of absence of or lower E2 
(Fig. 4E). Supportively, the epidemiological studies suggest that AR expression is more 
1 5 significantly associated with breast cancer in postmenopausal women than premenopausal 

women (Lea et al. 1989; Bieche et al. 2001 ; Honma et al. 2003), and up to the 50% of the AR- 
positive breast cancers are ER- and/or PR-negative (Bieche et al. 2001; Brys et al. 2002). Finally, 
as AR N-terminus/DBD, but not LBD, can play essential roles to modulate the growth factor 
signaling pathways in breast cancer cells, targeting the function of AR N-terminus/DBD 
20 represents a therapeutic approach to battle against breast cancer. 

2. Example 2 ARA67 functions as a repressor to suppress androgen receptor 
transactivation 

a) Mateials and methods 

(1) Plasmids. 

25 303. The fiill length open reading frame (ORF) cDNA of ARA67 was generated by 

polymerse chain reaction (PGR) using human testis cDNA library (Glontech) as template, and 
subsequently constructed into pGEMT easy vector. pM-ARA67, pSG5-ARA67, and pcDNA4- 
ARA67 (expressing His-tagged ARA67) were constructed by releasing ARA67 from pGEMT- 
ARA67 with proper enzymes and inserted to the target vectors. HA-ARA67 constructs (in pKH3 

30 vectors) and GST-ARA67 (in pGEX vectors) constructs were generated using pGEMT-ARA67 
as PGR template and PGR products were subsequently digested and ligated to their target 
vectors. The correct constructions and expression of these plamid constructs were verified by 
sequencing, TNT in vitro expression, or western blotting. 

(2) Yeast Two-hybrid Screening. 
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304. The CytoTrap Sos system (Stratagene) was used for the screening. The pSos- 
ARN containing the hSos gene fused with cDNA encoding ARN (amino acid 1 to 537) was 
generated as bait to screen a human prostate cDNA library constructed in pMyr vector 
(Stratagene), which expresses library proteins fused with a myristylation membrane localization 

5 signal. Expression of the myristylation sequence-tagged proteins is induced by galactose, but not 
glucose, and the expressed proteins are anchored to the cell membrane. The screening was 
carried out by co-transforming the pSos-ARN bait construct and library plamids into a 
temperature-sensitive mutant yeast strain cdc25H that can not grow at a stringent temperature of 
37°C. Once the bait protein physically interacts with the target protein, the hSos protein fused to 
10 the bait is recruited to the membrane, which subsequently activates the Ras signaling pathway 
allowing the mutant yeast strain to grow at 37°C. 

(3) Cell Culture and Transfection. 

305. H1299 and COS-1 cells were maintained in Dulbecco's modified Eagle's medium 
(DMEM) (Life Technologies, Inc.) supplemented with 10% heat inactivated fetal bovine serum 

15 (FBS). LNCap cells were maintained in RPMI 1640 supplemented with 10% FBS. All media 
contain 100 units penicillin, 100 |J.g/ml streptomycin and 2 mM L-glutamine. Cells were seeded 
to a density of 50-60% confluency for transfection. In transfections where HI 299 and COS-1 
cells were used, the calcium phosphate precipitation method was used as described (Pan HJ, et 
al. 1999. Endocrine 1 1:321-327) imless otherwise noted. In mammalian two-hybrid assay, which 

20 did not require ligand treatment, luciferase activity of reporter gene was assayed 20-24 h after 
transfection using the dual-luciferase reporter assay system (Promega). In other reporter gene 
assays, where ligand treatment was required, cell culture media were changed to DMEM 
containing 10% charcoal-dextran-stripped FBS (CD-FBS) 2 h before transfection. After 16-18 h 
transfection, cells were treated with medium containing either vehicle or ligands for another 20- 

25 24 h and then cells were harvested. With LNCap cells transfection, the cells were treated with 
fresh RPMI 1640 containing 10% CD-FBS before transfection with SuperFect performed 
according to the manufacturer's protocol (Qiagen). After transfection, cells were allowed to 
recover in fresh RPMI 1640 containing 10% CD-FBS for 8-12 h, and then treated with either 
vehicle or ligands for another 20-24 h before harvesting. Each experiment was repeated at least 

30 three times. 

(4) Glutathione S-transferase (GST) Pull-down Assay. 

306. GST-ARN, GST-ARA67 fusion proteins, and GST control protein were 
expressed in BL21 (DE3)pLysS bacteria strain (Stratagene) and purified with glutathione- 
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Sepharose beads as instructed by the manufacturer (Amersham Pharmacia). In vitro 
[^^S]methionine-labeled AR, ARN, AR DBD, AR LBD and ARA67 proteins were generated 
using TNT-coupled Reticulocyte Lysate Systems (Promega). For in vitro interaction, mixtures of 
glutathione beads bound GST fusion proteins and 5 /il [^^S]methionine-labeled input proteins in 
5 100 jul interaction buffer (20 mM Tris/pH8.0, 60 mM NaCl, 6 mM MgCh, 1 mM EDTA, 0.05% 
Nonidet P-40, 1 mM DTT, 8% glycerol, 1 mM PMSF) were incubated in the presence or 
absence of 10 /xM dihydrotestosterone (DHT) on a rotating disk at 4°C for 2 h. After washing 
with NETN buffer (20 mM Tris/pH8.0, 100 mM NaCl, 6 mM MgCl2, 1 mM EDTA, 0.5% 
Nonidet P-40, 1 mM DTT, 8% glycerol, 1 mM PMSF) four times, the bound proteins were 
1 0 separated on 8-13% SDS-PAGE and visualized by autoradiography. 

(5) Northern Blotting 

307. In multiple-tissue Northern blotting, the Human MTN Blot (Clontech, catalog # 
7760-1) was hybridized with a "'^P-labeled cDNA probe covering amino acid residues 8-140 of 
ARA67. The blot was subsequently probed with a P-actin cDNA probe. In cell line Northern 
15 blot, total RNA was extracted from 13 cultured cell lines as indicated using TRIZOL reagent 
(GIBCO) and 20 /ig of total RNA was transferred onto Nylon membrane for Northern blotting. 
The RNA bound membrane was hybridized with the same ARA67 cDNA probe as described 
above. 18S RNA was used as RNA loading control. 

(6) Western Blotting 

20 308. Protein samples collected from the cells were separated on 8% SDS-PAGE and 

transferred to nitrocellulose membranes. Membranes were blocked with 5% nonfat milk in 
TBST buffer (150 mM NaCl, 10 mM Tris/pHB.O, and 0.5% Tween-20) at room temperature for 
1 h. Then the membranes were immvmoblotted with primary antibodies for 2 h at room 
temperature or overnight at 4°C, followed by incubation with secondary antibodies for 1 h at 

25 room temperature. Blots were developed with the AP color developing reagents (Bio-Rad). 

(7) Coimmunoprecipitation assay 

309. COS-1 cells seeded on 100 mm cell culture dishes were transient transfected with 
AR and HA-ARA67 expression plamids in combinations as noted in Fig. 9C, using SuperFect 
transfection reagent (Qiagen) following company protocols. Other transfection and treatment 
30 procedures were the same as described herein. Cells were harvested and dissolved in RIPA 

buffer (Ix PBS, 0.5% Nonidet P-40, 0.5% sodium deoxycholate, 0.05% SDS, 1 mM PMSF, Ix 
protease inhibitor cocktail (Roche)). Cell lysates containing 500 (ig proteins were precleared 
with 20 |j,l protein A/G PLUS-agarose (Santa Cruz Biotechnology) for 0.5 h. The supernatant 
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was then mixed with 5 |J.g/ml mouse monocolonal anti-AR antibody (BD Pharmingen, catalog # 
554226) at 4''C for 2 h, followed by adding protein A/G PLUS-agarose and mixing for another 2 
h. Immunoprecipitates obtained by spinning down protein A/G PLUS-agarose were washed with 
PBS for 3 times and separated on 8% SDS-PAGE. The results were analyzed by Western 
5 blotting as described above. 

(8) Immunofluorescence Staining 

310. COS-1 cells were seeded on two- well Lab Tek Chamber slides (Nalge) in DMEM 
containing 10% CD-FBS 18 h before transfection. DNA was transfected by using FuGENE 6 
Transfection Reagent (Boehringer Mannheim). After transfection, cells were treated with either 

10 10 nM DHT or vehicle for 12 h. Then cells were fixed with fixation solution (3% 

paraformaldehyde and 10% sucrose in PBS) for 20 min on ice, followed by permeabilization 
with methanol for 10 min on ice. Slides were washed and blocked with 2% BSA in PBS for 15 
min at room temperature. Then the cells were stained with 1 pig/ml rabbit polyclonal anti-AR 
antibody (NH27) and 1 /ig/ml mouse monoclonal anti-His antibody (Santa Cruz Biotechnology) 

1 5 sequentially at room temperature for 1 h each. After each first Ab incubation, cells were washed 
and incubated with TexRed-conjugated goat anti-rabbit IgG and FITC-conjugated goat anti- 
mouse IgG (ION), respectively. Stained slides were washed and mounted (Vectashield; Vector 
Laboratories). Fluorescence images were photographed under 400-fold magnification with a 
confocal microscope. 

20 (9) Subcellular Fractionation 

311. To prepare cytosolic and nuclear firactions of cells, cell monolayers were 
harvested with ice-cold PBS and pelleted. Cold buffer A (10 mM HEPES-KOH/pH 7.9 at 4°C, 
1.5 mM MgCh, 10 mM KCl, 0.5 mM dithiothreitol, 0.2 mM PMSF) equal to 5 times cell 
volume was used to resuspend the cells. After swelling on ice for 10 min, plasma membranes 

25 were disrupted by vortexing for 10 sec. The nuclei were pelleted by centrifiigation at 12,000 rpm 
for 20 sec at room temperature. Supematants containing the cytosolic fraction of proteins were 
recovered. The remaining pellets were resuspended in 20-50 /il cold buffer C (20 mM HEPES- 
KOH/pH 7.9, 25% glycerol, 420 mM NaCl, 1.5 mM MgCh, 0.2 mM EDTA, 0.5 mM 
dithiothreitol, 0.2 mM PMSF) and incubated on ice for 20 min. Samples were then centrifuged at 

30 12,000 rpm for 2 min at 4°C to remove the cellular debris. The supematants containing the 
nuclear fraction were recovered. 
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b) Results 

(1) Identification of ARA67 as an AR N-terminal interacting protein. 
312. To identify ARN interacting proteins, the CytoTrap Sos system (Stratagene) was 

selected for the screening, since the ARN contains the AF-1 which can be self-transactive, 
5 making it hard to be used as a bait in the conventional yeast two-hybrid screening. The CytoTrap 
Sos system is based on generating fusion proteins whose interaction in the yeast cytoplasm 
induces cell growth by activating the Ras signaling pathway (Fig. 7A), which is advantageous 
over the conventional yeast two-hybrid system in screening interacting proteins for 
transcriptional activators. In this approach, cDNA encoding ARN (amino acid 1 to 537) was 

10 constructed into the pSos vector as bait to screen a human prostate cDNA library. The bait and 
library constructs were co-transformed into yeast strain cdc25H. Of 8 x 10^ clones screened, 2 
positive clones were identified. One of the clones named ARA67 matched a DNA sequence 
encoding amino acid 20-585 of the protein PATl (SEQ ID NO:l) (Zheng, P. et al. 1998. Proc. 
Natl. Acad. Sci. USA 95:14745-14750) (GenBank accession no. AF017782) at an identity of 

15 99.6%. 5' rapid amplification of cDNA ends was used to obtain the full length ARA67, which 
contains an open reading frame encoding 585 amino acids that matches the reported PATl 
sequence (Zheng, P. et al. 1998. Proc. Natl. Acad. Sci. USA 95:14745-14750). The interaction in 
yeast was confirmed by re-transforming the pMyr-ARA67 into yeeist cells pre-transformed with 
pSos-ARN and allowing the transformants to grow on synthetic drop-out (SD) glucose agar 

20 lacking leucine and uracil [SD/Glu (-LU)] and SD galactose agar lacking leucine and uracil 
[SD/Gal (-LU)] plates at the stringent temperature of 37°C. Only the clones that grow out on 
SD/Gal (-LU) plates but not on SD/Glu (-LU) plates at 37°C are interaction positive ones. When 
pSos-ARN and pMyr-ARA67 co-exist, the clones showed positive growth (Fig. 7B). 

(2) ARA67 selectively binds to ARN 

25 3 1 3. To test if the interaction between ARA67 and ARN was specific, pMyr-ARA67 

was co-transformed with several other pSos constructs, including testicular receptor 2 (TR2) 
(SEQ ID NO:13) (Chang, C, et al. 1988. Biochem. Biophys. Res. Commun. 155:971-977), 
testicular receptor 4 (TR4) (SEQ ID NO: 14) (Chang, C, et al. 1994. Proc. Natl. Acad. Sci. USA 
91:6040-6044), ARA55 (Fujimoto, N., et al. 1999. J. Biol. Chem. 274:8316-8321), ARA70 

30 (Yeh, S. et al. 1996. Proc. Natl. Acad. Sci. USA 93: 5517-5521), and two control plasmids 

(pSos-MAFB and pSos-Coll) provided by the company, into the temperature-sensitive mutant 
yeast strain. After selection, only those yeast cells that contained both ARN and ARA67 
expression plasmids showed positive growth, while yeast cells contained all other pairs of 
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plasmids couldn't grow on SD/Gal (-LU) plate at 37°C (summarized in table 3). In Table 3. 
ARA67 selectively binds to AKN in yeast. pMyr-ARA67 was co-transformed with several other 
pSos-fusion protein constructs. The table summarizes the results. As shown, only ARN 
interacted with ARA67 allowing the yeast host to grow at the stringent temperature of 37°C, 
5 while other proteins tested could not. These data showed that ARA67 interacts with ARN and 
the interaction is rather selective. 

(3) Distribution of ARA67 in human tissues and multiple cell lines 

314. To detect the expression of ARA67 in human tissues and cell lines. Northern blot 
analysis was performed with a probe covering amino acid residues 8 to 140. Three transcripts 

10 with the sizes of 2.5 kb, 4.4 kb and 7.5 kb were detected (Fig. 8). ARA.67 was widely expressed 
in multiple human tissues at variable levels. Strong expressions of all three transcripts were seen 
in heart, placenta and skeletal muscle, while in other tissues, moderate to low expression levels 
were detected (Fig. 8A). The three ARA67 transcripts were also seen in all the cell lines tested 
with the 4.4 kb transcript having the highest expression level. Among these cell lines, LNCaP, 

15 DU145, PC-3, and RPWE-1 originated from prostate, MCF-7, MDAMB231, and T47D from 
breast, GC-SPG and Tm4 from testis, HI 299 from lung, HepG2 from liver, HTB14 from brain, 
and COS-1 from monkey kidney. An overexpression was seen in MCF-7. The different sizes of 
the transcripts can result from alternative splicing or be due to the inclusion of different lengths 
of untranslated regions. Whether the three transcripts represent three different protein products 

20 remains to be answered. However, the relative transcription levels of the three franscripts are not 
consistent among different tissues and cell lines, indicating that regulation of the gene products 
of ARA67 ceoi be required for maintaining different characteristics or fimctions of the cells. 

(4) Interaction of ARA67 and AR in vitro and in vivo. 

315. To confirm the interaction between ARA67 and ARN seen in the yeast two- 

25 hybrid assay, ARA67 and ARN cDNA were constructed into pM and pVP16 vectors (Clontech) 
for assaying in a mammalian two-hybrid system. As seen in Fig. 9A, the reporter luciferase 
activity was highly induced in cells co-transformed with pM-ARA67 and pVP16-ARN, 
indicating a strong association between ARA67 and ARN. To prove that ARA67 and AR 
directly interact, in vitro GST pull down assay was carried out. The data show ARA67 interacted 

30 with AR in a DHT independent manner (Fig. 9B). When separating AR into ARN, ARDBD and 
ARLBD, all three fragments could interact with ARA67 but with different strengths. ARA67 
interacted with ARN most strongly, ARLBD moderately, and ARDBD very weakly (Fig. 9B). 
The association between ARA67 and AR is also revealed by co-immunoprecipitation assay. Cell 
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lysates from COS-1 cells transfected with either AR or AR with HA-ARA67 were 
immunoprecipitated with anti-AR antibody. The immunoprecipitates were Jinalyzed by Western 
blotting. As shown in Fig. 9C, ARA67 was detected in AR containing complex either in the 
presence or absence of DHT (lane 3 and 4), while ARA67 was not detected in negative control 
5 lanes (lane 1, 2 and 5). Together, results from GST pull-down (Fig. 9B), yeast two-hybrid (Fig. 
7B), mammalian two-hybrid (Fig. 9A), and co-immunoprecipitation (Fig. 9C) assays all prove 
that ARA67 and AR interact in vitro and in vivo. 

(5) ARA67 suppresses AR transactivation activity. 

316. To test whether ARA67 can influence AR function, reporter gene assays were 
10 performed. As shown in Fig. lOA, in H1299 cells ARA67 suppressed DHT-induced AR 

transactivation dose-dependently with MMTV-Luc and ARE4-LUC as reporters. It was then asked 
whether ARA67 could also coimteract coactivator-enhanced AR transactivation. ARA70 N- 
terminus (ARA70N) (Yeh, S. et al. 1996. Proc. Natl. Acad. Sci. USA 93: 5517-5521), a potent 
AR coactivator, was chosen for the experiments. As shown in Fig. lOB, when co-transfected 

15 with AR, ARA70N significantly enhanced DHT-induced AR transactivation. While in the 
presence of ARA67, ARA70N enhanced AR transactivation was repressed dose-dependently 
with PSA-Luc and ARE4-LUC as reporters. To further prove that AR function is suppressed by 
ARA67, whether ARA67 could influence the expression of AR target gene prostate specific 
antigen (PSA) in LNCaP cells was tested. As shown in Fig. IOC, when ARA67 was transfected 

20 into the cells, the DHT induced PSA expression was decreased. To test whether the 

transcriptional suppression of ARA67 is a general effect with nuclear receptors or more specific 
to AR, AR, GR and ER transactivation were compared in the presence of ARA67. At the same 
dose, ARA67 showed the most significant suppression on AR activity (50%), slight suppression 
on GR (20%), and little effect on ER (Fig. lOD), indicating the suppression on AR is selective. 

25 Together, the data in Fig. lOA-D show ARA67 functions as a suppressor to AR and the 
suppression is relatively more selective to AR. 

(6) Interaction domains between ARA67 and AR and their influence on 
AR transactivation. 

317. Since the data already showed that ARN interacts with ARA67 strongly, the next 
30 step was to determine which part of ARN is important for the interaction. Different GST-ARN- 

fragment fusion protein constructs were generated and expressed (Fig. 1 1 A). After incubation 
with in vitro [^^S]methionine-labeled ARA67, only ARN1.140 showed positive interaction 
although not as sfrong as that seen in ARN full length (ARNusse) (Fig. 1 1 A). These data indicate 
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residues 1-140 within ARN are critical for the interaction with ARA67. Since important regions 
for AR transactivation within ARN are in residues 141-338, which are required for full ligand- 
inducible transcription, and residues 360-494, which contain the AF-1 region that is also 
required for full AR function (Heinlein, C.A., et al. 2002. Endocr. Rev. 23:175-200), the data 
5 showing that AR residues 1-140 interact with ARA67 indicated that a different domain within 
ARN can be involved in ARA67 mediated suppression on AR transactivation. 

318. Motif scan indicated several protein-protein interaction motif7domains (including 
leucine zipper and LXXLL motif) existed in ARA67/PAT1. Several truncated ARA67 
fi-agments were constructed (Fig. 1 IB) to see which part plays a key role for the interaction with 

10 AR. A GST pull-down assay was performed. The results showed that both the N-terminal 

(ARA67i.28o) and C-terminal (ARA67281-585) regions of ARA67 can interact with ARN but the 
interaction is relatively weak. ARA678-i4o and ARA6728i-55o showed slightly stronger interaction 
with ARN than their bigger counterparts ARA67i.28o and ARA67281-585, respectively, while 
ARA67281-550 was better than ARA678-i4o- Although no fragment constructs of ARA67 strongly 

15 interacted with ARN, full length ARA67 showed strong interaction with ARN, indicating 
participation of different parts of ARA67 can be required for the interaction (Fig. 1 IB). The 
interaction pattern between ARA67 fragments and AR LBD was similar to that between ARA67 
fragments and ARN, but the ARA67 C-terminal fragment showed an interaction strength similar 
to full length ARA67 (Fig. 1 IC) with the LBD, which indicates that the interaction between 

20 ARA67 and AR LBD may not need the cooperation of the N- and C-termini of ARA67. Amino 
acid sequences located within 8-140 and 339-550 of ARA67 can contribute more to its 
interaction with AR (Fig. 1 IB, 1 IC). ARA67 contains a LXXLL motif, which is a signature 
motif in many NR coactivators that is important for their binding to NRs (Heery, D.M., et al. 
Nature 387:733-736). In the data, GST-ARA67 170-338, which contains the LXXLL motif showed 

25 very weak interaction with ARN and no interaction with AR LBD, indicating the LXXLL motif 
in ARA67 is not critical for the interaction with AR. 

319. Then it was determined if there is any domain or sequence that is essential for 
ARA67 to suppress AR. Several truncated ARA67 fragments were constructed and their 
influences on AR transactivation were tested using reporter gene assay. ARA67 contains a PEST 

30 sequence at its C-terminal end (Gao, Y., et al. 2001. Proc. Natl. Acad. Sci. USA 98:14979- 

14984), which is often seen in regulatory proteins with high turnover rate. ARA67 lacking the 
PEST sequence (ARA67 1.550) may be more stabilized and be more potent as an AR repressor, but 
as seen in Fig. 1 ID, ARA67i.55o didn't show a stronger suppression effect than full length 
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ARA67. Western blot was also performed to test the expression of ARA67 fragment constructs 
and found the protein level of ARA67i.55o was similar to that of ARA67i.585 24 h after 
transfection. ARA67 also contains nuclear localization signals (NLSs) at its C-terminus and 
ARA67/PAT1 1-411, a truncated form lacking the NLSs, remains in cytosol and can not enter 
5 nucleus (Gao, Y., et al. 2001 . Proc. Natl. Acad. Sci. USA 98:14979-14984). Whether the nuclear 
localization of ARA67 is required for its suppression on AR was then tested. As shown in Fig. 
1 ID, ARA67i^ii had similar suppression effect as full length ARA67 did, indicating that the 
nuclear localization of ARA67 is not critical for its effect on AR. The N-terminal (ARA67i.28o) 
and C-terminal (ARA6728 1-550, ARA67281-585) regions of ARA67 could also suppress AR 
10 transactivation, however ARA67i.28o was better suppressor than ARA6728i-550 and ARA6728I-585- 
Together Fig. 1 IB-D show that both the N- and C-terminal regions of ARA67 are involved in 
the interaction with and suppression of AR, and the interaction strength is not the sole 
determinant of suppression potency. 

(7) The influence of ARA67 on AR N-/C-termini (N/C) interaction. 

1 5 320. Early reports suggest that AR N/C interaction can stabilize androgen bound AR 

(Zhou, Z.X., et al. 1995. Mol. Endocrinol. 9: 208-218) and ARN-terminus is required for the 
full ligand-induced AR transactivation (Simental J. A., et al. 1991. 7. Biol. Chem. 266:510-518). 
Since ARA67 can interact with both AR N-terminus and AR C-terminus (Fig. 9B), it's possible 
that ARA67 can influence AR transactivation by blocking AR N/C interaction. Using a 

20 mammalian two-hybrid assay, it was shown that DHT promoted AR N/C interaction (Fig. 12 A). 
When ARA67 was present, DHT promoted AR N/C interaction was slightly enhanced rather 
than suppressed. This is in contrast with a coactivator of AR, SRC-1, which has been reported to 
be able to enhance AR N/C interaction (Dconen, T., et al. 1997. J. Biol. Chem. 272:29821- 
29828). Then the influence of ARA67 on AR protein level was tested. Consistent with the AR 

25 N/C interaction data, AR protein level was slightly increased rather than decreased in the 
presence ARA67 (Fig. 12B). Therefore, the suppression effect of ARA67 on AR cannot be 
explained by its influence on AR N/C interaction. 

(8) Histone deacetylase (HDAc) activity is not involved in ARA67 
mediated suppression effect on AR. 

30 321. It has been suggested that coactivator and corepressor complexes, which exhibit 

histone transferase and histone deacetylase activities, respectively, play an important role in 
regulating NR transactivation activity (Xu, L., et al. 1999. Curr. Opin. Genet. Dev. 9: 140-147). 
AR is one of the non-histone proteins that can be acetylated and a point mutation at the 
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acetylation site abrogates DHT-induced AR transactivation in cultured cells (Fu, M., et al. 2000. 
J. Biol. Chem. 275:20853-20860). In the same report, trichostatin A (TSA), a specific histone 
deacetylase inhibitor, was shown to enhance ligand-induced AR transactivation. ARA67 
contains several putative protein-protein interaction domains and the data also show ARA67 can 
5 interact with AR through multiple sites (Fig. 1 IB and 1 IC). It's possible that it behaves as an 
adapter between AR and regulatory multi-protein complexes that contain HD Ac activity. To test 
this hypothesis the effect of TSA on ARA67 function was examined. First tested were several 
different TSA concentrations to assure the best working conditions. In this system, TSA at 10 
nM and above caused significant cell death in COS-1 and HI 299, while 1 nM TSA showed no 

10 obvious toxic effect and gave the best activation on AR. As shown in Fig. 13, 1 nM TSA 
enhanced DHT-induced AR transactivation. In the presence of ARA67, TSA enhanced AR 
transactivation was repressed to a similar extent as DHT-induced AR transactivation was 
repressed. The data indicate that TSA's effect and ARA67's effect on AR are parallel to each 
other, which indicate HDAc activity is not involved in ARA67 mediated suppression on AR. 

15 (9) ARA67 influences the subcellular distribution of AR 

322. It's knovm that upon ligand binding, AR translocates from the cytosol to the 
nucleus where it binds to the ARE of its target gene and turns on the expression of its target 
gene. Decrease of AR nuclear translocation has been reported to lead to suppression of AR 
transactivation and androgen induced cell growth (Gerdes, M.J., et al. 1998. Endocrinology 

20 139:3569-3577). ARA67 is present in both cytosol and nucleus (Gao, Y., et al. 2001 . Proc. Natl. 
Acad. Sci. USA 98:14979-14984), shares homology with kinesin light chain (Zheng, P. et al. 
1998. Proc. Natl. Acad. Sci. USA 95:14745-14750) that is involved in protein trafficking, and 
can interact with the microtubule (Zheng, P. et al. 1998. Proc. Natl. Acad. Sci. USA 95:14745- 
14750), a cytoskeleton structure. Thus, it's possible that ARA67 can suppress AR transactivation 

25 through interrupting AR nuclear translocation. To test this possibility, immimofluorescence 
staining analyses was performed with COS-1 cells co-transfected with AR and His-tagged 
ARA67 expression plasmids or vector and then treated with either vehicle or DHT. The 
subcellular localization of AR was examined as red fluorescence signal under the microscope. 
The data show that in the absence of ARA67, AR remained in the cytosol without DHT 

30 treatment and moved into nucleus after DHT treatment. In the presence of ARA67, without DHT 
the cytosolic localization of AR was not obviously influenced, but after DHT treatment, the AR 
signal remained mostly in the cytosol and the signal in nucleus was very weak (Fig. 14A). 
Therefore, ARA67 can block the nuclear translocation of AR. To support the 
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immunofluorescence staining result, a Western blot was performed with seperated cytosolic and 
nuclear fractions of proteins. As shown in Fig. 14B, after DHT treatment, the AR level in 
nuclear fraction decreased when ARA67 was cotransfected with AR. By using 
immunofluorescence staining and Western blot, it was demonstrated that ARA67 can inhibit AR 
5 nuclear translocation, which can be the major mechanism through which ARA67 is able to 
suppress AR transactivation. 

323. Disclosed herein ARA67 interacts with AR and functions as a repressor of AR. 
Many coregulators of AR have been identified and characterized. Compared to coactivators, the 
corepressors of AR identified are relatively fewer and less well characterized. Calreticulin can 

10 bind to AR DBD, and suppress AR transactivation by blocking AR binding to target DNA 

sequences (Bum, K., et al. 1994. Nature 367:476-480, Dedhar, S., et al. 1994. Nature 367:480- 
483). Cyclin D has been reported to suppress AR function presumably through influencing 
androgen-dependent transactivation function in ARN (Petre, C.E., et al. 2002. J. Biol. Chem. 
277:2207-2215). Since androgen action involves dissociation of AR from heatshock protein 

15 complex, homodimerization, nuclear translocation, and binding to target genes, all these 
processes can be influenced by coregulators. 

324. Nuclear localization of androgen bound AR is a prerequisite for its transactivation 
function. However, relatively little is known about the mechanism of its nucleocytoplasmic 
frafficking and its interacting proteins that can be involved in this process. The data show that 

20 ARA67 is able to trap AR in the cytosol, indicating that it can play a role in AR trafficking. 
Early studies show that ARA67/PAT1 shares homology with kinesin Ught chain, a molecular 
motor driving the trafficking of cargos along the microtubule, directly interacts with the 
microtubule, and is functionally related to APP trafficking/processing (Zheng, P. et al. 1998. 
Proc. Natl. Acad. Sci. USA 95:14745-14750). The data correlate with these findings supporting 

25 the role of ARA67 in protein trafficking. However, the detailed mechanisms need further 

investigation. Studies with GR suggest that an intact cytoskeleton network is required for the 
shuttling of GR between the cytosol and nucleus in physiological conditions (Galigniana, M.D., 
et al. 1998. Mol. Endocrinol. 12:1903-1913, Galigniana, M.D., et al. 1999. J. Biol. Chem. 
275:16222-16227). It's not clear whether this represents a cortmion feature in nucleocytoplasmic 

30 shuttling of SHRs, since the ligand-dependent translocation of PR has been suggested as 

independent of cytoskeleton integrity (Perrot-Applanat, M., et al. 1992. J. Cell Biol. 1 19:337- 
348). ARA67/PAT1 can bind microtubules and the binding can be enhanced 5-10 fold in the 
presence of Mg-ATP (Zheng, P. et al. 1998. Proc. Natl Acad. Sci. USA 95:14745-14750), 
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suggesting the possibility that the microtubule network can be an important component for 
ARA67 to trap AR in the cytosol. Many proteins are involved in the subcellular distribution of 
AR. In the absence of ligands, AR associates with the heatshock protein complex, which keep 
AR in an inactive state in the cytosol, while upon ligand-binding, filamin is required for AR to 
5 translocate to nucleus (Ozanne, D.M., et al. 2000. Mol. Endocrinol. 14:1618-1626). 

325. It's known that AR N- and C-terminus can directly interact through the LXXLL 
like motif present in AR N-terminus and AF-2 domain in AR C-terminus (He, B., et al. 1999. J. 
Biol Chem. 274:37219-37225, He, B., et al. 2000. J. Biol. Chem. 275:22986-22994). Upon 
ligand binding, helix 12 in AR LBD folds across the ligand binding pocket, which reduces the 

1 0 dissociation rate of bound androgen and helps to stabilize AR protein. AR N/C interaction 

stabilizes the position of helix 12 when androgen is bound to AR (Zhou, Z.X., et al. 1995. Mol. 
Endocrinol. 9: 208-218, He, B., et al. 1999. J. Biol. Chem. 274:37219-37225). Coregulators that 
influence the AR N/C interaction could affect the stability of AR and thus AR transactivation. 
One of the mechanisms by which coactivators enhance AR transaction is through facilitating AR 

15 N/C interactions as seen in SRC-1 and CBP mediated coactivation (Lconen, T., et al. 1997. J. 
Biol. Chem. 272:29821-29828). Since ARA67 can interact with both AR N- and C-termini, it's 
reasonable to hypothesize that ARA67 can influence the AR N/C interaction. The results show 
ARA67 enhances the interaction between AR N- and C-termini, and accordingly observed was a 
mild increase in AR protein level that can result jfrom an increased AR stability. These seem to 

20 be contradictory to the role of ARA67 as a corepressor. However, it was shown that ARA67 can 
block AR translocation to the nucleus upon AR-ligand binding. This can prevent increased AR 
transactivation resulting from elevated AR protein levels, since only nucleus localized AR can 
exert its influence on its target genes. Because these two opposite factors co-exist, it's possible 
that the cellular context can influence the net outcome. ARA67 contains several hypothetical 

25 protein kinase C phosphorylation sites (Zheng, P. et al. 1998. Proc. Natl. Acad. Sci. USA 

95:14745-14750), suggesting the possibility that ARA67's activity is under the influence of 
certain cell signaling. The potential of ARA67 as corepressor can differ among different cells, 
since subcellular enviroimients can vary. It could be assimied that certain modifications on 
ARA67 may weaken its ability to block AR nuclear translocation, while the increased AR 

30 protein level may be dominant, in which case ARA67 can function as a coactivator rather than 
corepressor of AR. 

326. In summary, it was demonstrated that ARA67 can interact with AR and suppress 
AR transactivation. The major mechanism for ARA67 to function as a repressor is through 
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interrupting AR nuclear translocation. In addition, ARA67 has the potential to enhance AR 
transactivation through enhancing AR N/C interaction and AR stability. Since AR is one of the 
key players in prostate carcinogenesis, it's possible that some of the prostate cancer cells can 
take advantage of the potential function of ARA67 as coactivator of AR by altering the cellular 
5 environment to inhibit its corepressor's function. Further study can provide more insight into the 
development and progression of prostate cancer. Furthermore, ARA67 can also bind specifically 
to APP (Zheng, P. et al. 1998. Proc. Natl. Acad. Sci. USA 95:14745-14750), a protein that is 
involved in the pathogenesis of Alzheimer's disease. Testosterone has been reported to protect 
neurons from neurotoxic damage through the AR-mediated pathway (Hammond, J., et al. 2001. 
10 J. Neruochem. 77:1319-1326). AR may play a role in neuron related diseases through the linkage 
of ARA67. 

3. Example 3 

a) Materials and methods 

(1) Materials and Plasmids. 

15 327. 5u-Dihydrotestosterone (DHT) and Lithium Chloride (LiCl) were obtained from 

Sigma. Antibodies to GSK3P and phospho-GSK3 P were purchased from New England Biolabs. 
Purified GSK3P was purchased from Upstate Biotechnology, Lake Placid, NY. The anti-AR 
polyclonal antibody, NH27, was produced as described (Yeh, S., et al. {1 996)ProcNatlAcadSci 
USA 93 (1 1), 5517-21). The GSK3P plasmids, including wild type, constitutively active, and 

20 dominant negative forms, were kindly provided by J. Sadoshima, Pennsylvania State University. 
("The Akt-glycogen synthase Kinase 3 Beta Pathway Regulates Transcription of Atrial 
Natriuretic Factor Induced by Beta-Adrenergic Receptor Stimulation in Cardiac Myocytes by 
Carmine Morisco, David Zebrowski, Gianluigi Condorelli, Philip Tsichlis, Stephen F. Vatner, 
and Junichi Sadoshima JBC, 275, 14466-14475, 2000, which is herein incorporated vy reference 

25 at least for material related to GSK3B plasmids) 

(2) Cell Culture and Transfection Assay. 

328. COS-1 and PC-3 cells were maintained in early to mid-log phase in DMEM 
medium, supplemented with 10% fetal bovine serum (FBS), 50 units/ml penicillin and 50 |xg/ml 
streptomycin in incubators with humidified air and 5% carbon dioxide at 37 °C. LNCaP cells 
30 were maintained in RPMI (GIBCO/BRL) medium. Twenty-four h prior to fransfection, cells 
washed with Hanks' buffered saline solution, trypsinized, and seeded to be a density of 40-60% 
confluence for transfection. Cells in 12 well plates were refed with fresh medium 2 hours before 
transfection and transfected according to the "SuperFect Transfection" instructions (QIAGEN). 
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After 2-3 h incubation, cells were treated with medium supplemented with charcoal-dextran 
treated FBS containing either ethanol or ligands. Cells were further incubated at 37°C for 24 h, 
washed with PBS, and harvested. 

(3) In Vitro Kinase Assay. 

329. Purified recombinant, murine MAP kinase (New England Biolabs) was assayed 
as described (Yeh, S., et al. (1999) Proc Natl Acad Sci USA 96 (10), 5458-63). The kinase buffer 
contains 25 mM HEPES, pH 7.4, 10 mM MgC12, and 1 mM dithiothreitol). The kinase 
reactions were performed for 30 min at 30 °C in the presence of 10 ^iCi [-'^P]ATP, 10 ^iM ATP, 
and 0.05 pmol of GSK3j8. The reactions were terminated by addition of 4x SDS sample buffer. 
The samples were boiled and loaded on 12% SDS-polyacrylamide gel electrophoresis gels. 

(4) Stable S9A-GSK3/} Transfection in CWR22R Cell. 

330. The S9A-GSK3j8 gene was inserted into pBig vector with hygromycin resistance. 
The S9A-GSK3j8-transfected CWR22R cells were selected and maintained in RPMI medium 
containing 50 ng/ml hygromycin (GIBCO). 

(5) Thiazolyl Blue (MTT) Assay. 

33 1 . The MTT assay is a quantitative colorimetric assay for mammalian cell survival 
and proliferation. The SxlO"* CWR22R cells were seeded in 24- well plates and incubated in 
RPMI medium 1640 with 5% CS-FCS for 48 h. Cells were then treated with ethanol, 10 
nMDHT, and/or 2 )xg/ml doxycycline for another 5 days. Then 200 ^1 of MTT (5 mg/ml; 
Sigma) was added into the each well with 1 ml of medium for 3 h at 37°C. After incubation, 2 
ml of 0.04 M HCl in isopropyl alcohol was added into each well. After 5-min incubation at 
room temperature, the absorbance was read at a test wavelength of 570 nm. 

b) Results 

(1) GSK3/3is ubiquitously expressed in prostate cancer cells. 

332. Early studies showed that GSK3P mRNA was prominently expressed in testis, 
thymus, prostate, and ovary (Lau, K. F., et al. (1999) JPept Res 54 (1), 85-91). To examine the 
protein expression and activity of endogenous GSK3/3 in prostate cancer cells, several prostate 
cancer cell lines, including PC -3, LNCaP, and DU145, were subjected to Westem blotting 
analysis along with some non-prostate cancer cell lines, including MCF7, C2C12, and COS-1 . 
GSK3/3 was ubiquitously expressed in all cell lines analyzed. Furthermore, the phosphorylation 
status at serine-9 of GSK3/3 was determined by Westem blotting of the cell lysate with phospho- 
specific antibodies. LNCaP cells showed strongly phosphorylated GSK3|3 compared with PC-3 
and DU145 cells (Fig. 15), indicating lower endogenous activity of GSK3|3 in LNCaP cells. 

(2) Suppression of AR transaetivation by GSK3/3. 
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333. Since growth factors, neuropeptides and protein kinase A inhibit GSK3/3 and 
enhance AR activity concurrently (Sadar, M. D. (1999) JBiol Chem 274 (12), 7777-83, Lee, L. 
F., et al. (2001) Mol Cell Biol 21 (24), 8385-97, Culig. Z., et al. (1994) Cancer Res 54 (20), 
5474-8, Shaw, M., et al. (1997) FEBSLett 416 (3), 307-1 1, Woodgett, J. R. (2001) Sci STKE 

5 2001 (100), RE 12), it was of interest to see whether co-expression of GSK3[3 might alter AR- 
dependent transcriptional activity. Advantage was taken of a dual luciferase assay system 
(Promega) using reporter and internal control plasmids together. The ARE4-Luc reporter is 
driven by four androgen response elements (ARE) in the promoter region, and functions as a 
monitor of AR transcriptional activity. Renilla luciferase is driven by the SV-40 promoter and 

10 serves as an internal control for transfection efficiency. GSK3/3, AR, and the two reporter 

plasmids were transiently co-transfected in COS-1 cells, which lack endogenous AR. As shown 
in Fig. 16A, wild type (WT) GSK3/3 reduced the AR-mediated transcription of the luciferase 
reporter by about 40% (lanes 2). While inactive GSK3/3 (KM-GSK3/3) had only a maginal effect 
on AR, the constitutively active form of the GSK3^ (S9A-GSK3/3) strongly inhibited AR 

15 activity (lane 4, and 5), indicating that the kinase activity of GSK3/3 is necessary to suppress AR 
activity. 

334. Since the context of upstream promoter elements may influence transcriptional 
efficiency, another reporter plasmid, MMTV-Luc, was tested to confirm the suppression effect of 
GSK3j3 on AR transcriptional activity. MMTV-Luc is driven by the natural MMTV-LTR 

20 promoter that contains several AR response elements. Fig. 16B demonstrates that GSK3j3 
inhibits DHT-mediated AR transactivation in a dose-dependent maimer (lanes 2-5). Lithiimi 
Chloride (LiCl), a specific inhibitor of GSK3jS, not only abolished the inhibitory effect of 
GSK3j8 on AR, but also slightly enhanced AR transcriptional activity. This result indicates that 
LiCl can block both exogenously transfected GSK3j8 as well as the endogenous GSK3j3 activity 

25 in COS-1 cells. Moreover, LiCl did not alter luciferase expression in the absence of AR, 
ensuring that LiCl has no non-specific effect on the MMTV-Luc reporter. To rule out the 
possibility that GSK3p may have nonspecific effects on the general transcription machinery, also 
tested was its effect on the human glucocorticoid receptor (hGR) since early studies reported 
GSK3j8 has little effect on the phosphorylation of hGR. As shown in Fig. 16C, addition of 

30 GSK3/3 failed to inhibit hGR transactivation. Together, results fi:om Fig. 16A to 16C indicate 
that GSK3j8 can selectively inhibit AR transactivation. 

335. Unlike many other kinases, GSK3i3 is constitutively active in most tissues. Seeing 
if endogenous GSK3j3 inhibits AR-mediated transcription was of interest. The human prostate 
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cancer cell line PC-3 is an AR-negative cell line that contains active endogenous GSK3/3. PC-3 
cells were transiently transfected with AR, the MMTV-Luc reporter and internal control 
plasmids. As shown in Fig. 16D, LiCl has marginal effects on basal level of AR transactivation 
in COS-1 cells (lanes 1-3) in the absence of androgen. Since PC-3 cells contain more total 
5 GSK3 jS and less phosphorylated GSK3/3 than COS cells, the activity of endogenous GSK3/3 is 
assumed higher in PC-3 cells (Fig. 15). Li fact, LiCl enhances basal activity of AR 
transactivation in PC-3 cells in a dose dependent manner (Fig. 16D/ LiCl can also enhance AR 
tranactivation in the presence of androgen in PC-3 cells. The distinct effects of LiCl on AR 
transactivation in PC-3 vs. COS-1 correlates well with the endogenous GSK3/3 activity in these 
10 two cell lines, indicating that endogenous GSK3/3 can contribute to the suppression of AR 
transactivation. 

(3) Inhibition of AR transactivation and PSA expression by GSK3~3 in 
LNCaP ceils. 

336. To examine whether the inhibitory effect of GSK3j8 on AR transactivation 

15 extends to cells that express endogenous AR, LNCaP cells which have mutated yet functional 
AR were cotransfected with the androgen-respohsive reporter MMTV-Luc, and GSK3/3. As 
shown in Fig. 17A, addition of GSK3j8 reduced the activity of AR in a dose-dependent manner. 
Moreover, addition of LiCl abrogated the GSK3i3-mediated inhibition of AR activity. Similar 
suppression effect also occurred when MMTV-Luc reporter was replaced with ARE4-Luc 

20 reporter system. 

337. Prostate-specific antigen (PSA) is a clinically significant androgen-stimulated 
gene that is used to monitor response to treatment, prognosis, and progression of prostate cancer. 
Endogenous PSA protein expression was induced by the treatment of LNCaP cells with DHT. 
This DHT-mediated induction of transcription from the PSA promoter by DHT was repressed by 

25 overexpression of wild type GSK3/3 (Fig. 17B). The results from Northem blot assays further 
demonstrated that the expression of PSA mRNA was reduced by the ectopic expression of 
GSK3/3 (Fig. 17C). Together, both reporter assay and Northem blot assay indicate that GSK3/3 
inhibits AR transactivation and influences expression of the target gene downstream of the AR. 

(4) GSK-3i3 pliosphorylates the amino terminus of AR in vitro and 

30 inhibits the function of the ligand-independent activation domain (AF- 

1) 

338. Since the data indicated that GSK(3 kinase activity is necessary for inhibiting AR 
transactivation, the task of determining whether AR is a substrate for GSK3/3 was undertaken. 
Three proteins, GST-ARN, GST-AR-DL, and 6His-AR-LBD, that cover most of the N-terminus 
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(aa 38-560), DNA binding and ligand-binding domains (DBD-LBD, aa 551-918), and ligand 
binding domain (LBD, aa 666-918) of AR, respectively were purified. Fig. 18A demonstrates 
that GSK3/3 significantly phosphorylated the GST-AR3 8-560 (lane 2) while GST protein alone 
could not be phosphorylated (lane 1). In contrast, under the same experimental conditions 
5 GSK3/3 slightly phosphorylated GST-AR-DBD-LBD (lane 3) or 6His-AR-LBD (lane 4). Thus, it 
appears that the N-terminus of AR serves as a substrate for GSK3j8 in vitro. 

339. As AF-1 is located in the N-terminal of AR and Fig. 1 8A shows GSK3j8 can 
phosphorylate AR at the N-terminus, the potential effect of GSK3 /3 on AF-1 function was 
examined. COS-1 cells were transfected with a fusion construct linking the GAL4 DNA-binding 

10 domain to the N-terminal of AR (GAL4-AR-N). The transcriptional response of this construct 
was assessed using a UAS-Luc reporter (pG5-Luc). Fig. 18B (lower panel) shows that the 
addition of wild type GSK3/3 inhibited the constitutive transcriptional activity of GAL4-ARN. In 
contrast, GSK3/3 did not influence the activity of GAL4-AR-LBD, which contains the AF-2 
domain. These results indicate that GSK3/3 can suppress AR transactivation via the AF-1 

15 functional domain that is located in the AR N-terminal. 

(5) AR interacts with GSK-3/3. 

340. To test whether GSK3/3 can associate with AR in vitro, the GST pull-down assay 
was used to examine the interaction between GSK3/3 and AR. Full length wild type GSK3j3 was 
constructed in a GST fusion vector. As shown in Fig. 19A, in vitro translated 35S-methionine- 

20 labeled AR was found to bind specifically to purified GST-GSK3j8, in the presence or absence of 
DHT. 

341. To further demonstrate that GSK3/3 interacts with AR in mammalian cells, co- 
immunoprecipitation was first used to examine their interaction by cotransfecting AR and HA- 
tagged-GSK3j8 into COS-1 cells. The COS-1 cell extracts were immunoprecipitated with an anti- 

25 HA antibody. As shown in Fig. 19B, the HA-GSK3/3 immunocomplexes contained the AR (lane 
3), indicating that AR interacts with GSK-3/3 in the COS-1 cells. HA-tagged GSK3jS was also 
observed in the immunocomplexes pulled down with an anti-AR antibody. Next, LNCaP cells, 
which express endogenous AR and GSK3j8, were used to examine whether GSK3j8 interacts 
with AR physiologically. As demonstrated in Fig. 19C, GSK3j8 forms a stable complex with AR, 

30 indicating that GSK3/3 can interact with AR in the same cell and AR could be a substrate for 
GSK3i8 in vivo. 

342. GSK3/3 suppresses androgen/AR-induced cell growth. As previous reports have 
revealed that DHT/AR plays important roles in the initiation and progression of prostate cancer. 
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whether the suppression of AR by GSK3/3 could modulate prostate cancer cell growth was 
investigated. Inducible S9A-GSK3j8 plasmids were introduced into the androgen-dependent 
CWR22R cell line by stable transfection. To distinguish exogenously transfected GSK3 from 
endogenous GSK3 /S in CWR22R cells, a myc-tagged S9A-GSK3j8 was constructed in the pBIG 
5 vector. Doxycycline stimulated the S9A-GSK3i8 expression in CWR22R-S9A-GSK3/3 cells but 
not in the vector transfected CWR22R-pBig cells (Fig. 20A). Using a LUC reporter assay, it was 
found that induction of S9A-GSK3P reduced AR transactivation by 30% while doxycycline had 
a marginal effect on CWR22R-pBig cells. This effect likely represents an underestimate of the 
total impact of GSK3P on AR activity since CWR22R cells express endogenous GSK3p. To 

10 correlate the inhibitory effect of GSK3jS on AR with prostrate cancer cell growth, the growth of 
stable-transfected CWR22R cells was tested in an MTT assay. The MTT assay (Fig. 20C) shows 
that addition of DHT induced cell growth in both CWR22R-pBig and CWR22R-S9A-GSK3/3 
cells. As expected, the doxycycline treatment caused obvious growth arrest in the CWR22R- 
S9A-GSK3/3 cells, but not in the CWR22R-pBig cells. Taken together, these data indicate that 

15 activation of GSK3/3 inhibits AR transcriptional activity and correlates with the reduced cell 
growth. 

(6) Reduction of the Interaction Between AR and ARAs by GSK3/J. 

343. One potential mechanism through which GSK3 /3 can inhibit AR transactivation 
is by altering the level of AR expression. To address this issue, AR expression was measured by 

20 immunoblot in LNCaP cells transfected with the pCMV vector or with pCMV-GSK3jS. As 

shown in Fig. 21 A, little change was seen in the endogenous expression of AR in LNCaP cells 
(Fig. 21 A). In addition, AR localization was not altered by expressing S9A-GSK3j8 LNCaP cells. 
Similar data were observed in transiently transfected COS-1 and in stably transfected CWR22 
cells. These data therefore indicate that GSK3/3 may not suppress AR transactivation through 

25 regulating endogenous androgen receptor stability or distribution. 

344. It is well known that phosphorylation can lead to conformational changes in 
proteins. Several lines of evidence indicate that kinases may regulate AR activity through 
modifying the interaction between AR and AR coregulators (Yeh, S., et al. (1999) Proc Natl 
AcadSci USA 96 (10), 5458-63, Lin, H.K., et al. (2001) Mol Cell Biol 21 (24), 8385-97, Wang, 

30 X., et al. (2002)JBiol Chem 111 (1 8), 1 5426-3 1). A mammalian two-hybrid system was used to 
study the effects of GSK3/3 on the interaction between AR and ARA70. GAL4-ARA70 aal76- 
401 and VP16-AR plasmids were transfected into COS-1 cells. As shown in Fig. 2 IB, addition 
of GSK3/3 inhibited the interaction of AR with ARA70 (lane 7 vs. 5), indicating that the 
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inhibition of AR transactivation by GSK3j8 can involve reduced interaction between AR and AR 
coregulators. 

345. A principal clinical problem in prostate cancer treatment is the progression of 
androgen-dependent tumors to a hormone-refractory state after antiandrogen or androgen " 

S ablation therapy. Although the molecular basis for androgen independence is largely unknown, 
studies of patient specimens indicate that the AR-signaling pathway can be still functional in 
androgen-refractory cancers. The AR is a phosphorylated protein and its phosphorylation status 
is associated with its transcriptional activation. The N-terminal of AR contains the majority of 
flie sites phosphorylated in vivo (^uiper, G. G., et al. (1993)Biochem J291 (Pt 1), 95-101). 
10 Alteration of AR phosphorylation by factors with elevated expressions in some prostate cancers 
is consistent with a mechanism involving phosphorylation stimulating the progression of 
prostate cancer. These factors include cytokines, growth factors, and G-protein coupled receptors 
and their activity often leads to the inactivation of GSK3/3. 

346. Disclosed herein GSK3/3 modulates AR transcriptional activity by measuring the 
15 expression of several androgen-regulated reporters. Specifically, forced overexpression of 

GSK3/3 inhibits transcription of PSA in LNCaP prostate cancer cells. Previous studies indicate 
that protein kinase A (PICA) can activate the AR through modification of its N-terminal domain 
in the absence of androgen (Sadar, M. D. (1999) JBiol Chem 274 (12), 7777-83). Given that 
PKA reduces AR phosphorylation (Blok, L. J., et al. (1998) Biochemistry 37 (1 1), 3850-7), and 

20 that the N-terminal of AR mediates the effect of both PKA and GSK3j8 effect, the results 

indicate that GSK3P can, in part, regulate the effects of PKA on AR. Future studies are needed 
to confirm this hypothesis. Since GSK3/5 is highly active in normal prostate cells, the kinase can 
inhibit AR transactivation, in the absence or presence of androgen under normal physiological 
conditions. This hypothesis fits well with the data which shows that the inhibition of GSK3j8 by 

25 LiCl enhances AR activity with or without DHT treatment (Fig. 16). The data demonstrate that 
GSK3j3 suppresses AR activity (Fig. 17, 18) and interacts with AR in vivo (Fig. 19), indicating 
the AR is a target of GSK3j8 signaling pathway. Overexpression of constitutively active S9A- 
GSK3j8 leads to the growth arrest of prostate cancer cells (Fig. 20), thus, the inhibition of 
GSK3|8 can contribute to the development and progression of androgen-independent prostate 

30 disease. Considering that PKA, Akt, and MARK inhibit GSK3/3 (Fig. 22), the data presented 
here are consistent with what is known regarding the stimulation of prostate cancer cell growth 
by growth factors and cytokines, and fit very well with the pro-apoptotic roles of GSK3/3 in other 
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tissues (Hardt, S. E., et al. (2002) Circ Res 90 (10), 1055-63, Culbert, A. A., et al. (2001) 
FEBSLett 507 (3), 288-94, Pap, M., et al. (1998) JBiol Chem TIZ (32), 19929-32). 

347. Numerous studies have suggested potential links between the androgen/AR and 
GSK3j8 signaling pathways. First, testosterone, but not estrogen, prevents the heat shock-induced 
5 overactivation of GSK3j8, suggesting androgen may display a neuroprotective effect against 
Alzheimer's disease. Second, GSK3j8 plays a pivotal role in degradation of the free, cytoplasmic 
3-catenins, an AR coregulator, through the ubiquitin proteasome pathway. Recent studies 
indicate that dysregulation of /S-catenin expression is found in a variety of human malignancies, 
including prostate cancer, in which P-catenin may act as a coactivator of AR (Truica, C. I., et al. 

10 (2000) CancerRes 60 (17), 4709-13). Third, GSK3/3 also phosphorylates c-myc and cyclin Dl, 
resulting in ubiquitin-mediated degradation. This is relevant in that elevated cyclin Dl and c- 
myc levels may be associated with prostate cancer progression (Chen, Y., et al. (1998) Oncogene 
16 (15), 1913-20, Drobnjak, M., et al. (2000) Clin CancerRes 6 (5), 1891-5, Balaji, K. C, et al. 
(1997) Urology 51) (6), 1007-15.). 

15 348. Recent studies also demonstrate that GSK3/3 may regulate AR activity through P- 

catenin, an AR coactivator. Disclosed herein GSK3j8 directly influences AR activity, 
independent of the P-catenin mediated pathway. The interaction between AR and P-catenin is 
DHT-dependent, and the data demonstrate that the inhibition of GSK3/3 by lithium chloride 
increases AR transcriptional activity in the absence of DHT. Also, several factors that inhibit 

20 GSK3/3, such as insulin-like growth factor 1 (IGF-1) and insulin, do not stabilize jS-catenin or 
stimulate jS-catenin-dependent gene transcription (Ding, V. W., et al. (2000) JBiol Chem 275 
(42), 32475-81). This observation argues for the direct effect of GSK3j8 on AR. Moreover, jS- 
catenin enhances AR activity through interaction with the AR-LBD, which contains the 
activation function 2 (AF-2) domain. The data indicate that AF-1 activity, but not that of AF-2, 

25 is reduced by GSK3j8 (Fig. 1 8). Furthermore, GSK3/3 directly phosphorylates the N-terminal 
region of AR. The GST-pulldown assay and co-immunoprecipitation assay indicate the 
interaction between GSK3j8 and AR (Fig. 19A). Together, these lines of evidence indicate that 
GSK3/3 and /3-catenin can affect the AR at distinct levels, and that the inhibition of GSK3i3 
followed by elevated /3-catenin levels can cooperate to enhance AR activity and lower the 

30 requirement for androgen in prostate cancer cells. 

349. AR phosphorylation and the resulting inhibition of AR activity contributes to the 
blockage of DHT-induced cell growth imposed by activated GSK3/3 (Fig. 20). The 
phosphorylation of a variety of other substrates by GSK3/3 can influence cell growth can also be 
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involved. For example, by inhibiting GSK3/3, growth factors might promote the 
dephosphorylation and stabilization of cyclin Dl and c-Myc (Sears, R., et al. (2000) Genes Dev 
14 (19), 2501-14, Alt, J. R., et al. (2000) Genes Dev 14 (24), 3102-14, Diehl, J. A., et al. (1998) 
Genes Dev 12 (22), 3499-51 1). Elevated cyclin Dl can enhance the activities of cyclin- 
5 dependent protein kinases CDK4 and CDK6, resulting in the inactivation of the retinoblastoma 
gene and entry into the S phase of the cell cycle, c-Myc is known to stimulate prostate cancer 
cell proliferation and survival, as have been shown in many reports (Kokontis, J., et al. (1994) 
Cancer Res 54 (6), 1566-73, Miyoshi, Y., et al. (2000) Prostate 43 (3), 225-32). GSK3|S is also 
known to phosphotylate c-Jun, resulting in inhibition of the DNA binding of this transcription 
10 factor that has been implicated in cell growth, differentiation, and development (Boyle, W. J., et 
al. (1991) Ce//64 (3), 573-84, Pfahl, M. (1993) Endocr Rev 14 (5), 651-8). Active GSK3/3 
therefore, is implicated as a key factor in maintenance of the basal states of several important 
signaling pathways, and dysregulation of GSK3/3 can lead to transformation to malignancy. 

350. In summary, the data demonstrate that AR is a substrate for GSK3/3 and that 

15 GSK3/3 negatively regulates AR mediated gene transcription to modulate androgen/AR-mediated 
cell growth. Molecules which increase the amount of active GSK3/3 in the cell can be 
therapeutic molecules and their can be attractive anti androgen receptor activity targets. 

4. Example 4 Human Checkpoint Protein hRad9 Functions as a negative Coregulator 
to Repress Androgen Receptor Transactivation in Prostate Cancer Cells 
20 a) Materials and methods 

(1) Materials 

351. MMTV-LUC, pCMV-AR, pCDNA3-Flag, pCMX-VP 1 6-AR have been 
described previously (Hsu, C. L., et al., J Biol Chem 278:23691-8 (2003), Thin, T. H., et al., J 
Biol Chem 278:7699-708 (2003)). pGEX-KG-hRad9 and pCDNA3-AUI-hRad9 were kindly 

25 provided by Dr. Larry M. Kamitz, Mayo Clinic, Rochester, MN. (Reconstitution and molecular 
analysis of the hRad9-hHusl-hRadl (9-1-1) DNA damage responsive checkpoint complex by 
Burtelow MA, Roos-Mattjus PM, Rauen M, Babendure JR, and Kamitz LM JBC 276 25903- 
25909, 2001, which is herein incorporated by reference at least for material related to hRad9). 
Human multiple tissue Northern (MTN^M) Biot n was purchased from BD Biosciences. M2 a- 

30 Flag antibody and a-Rad9 antibody (M-389) were purchased from Sigma and Santa Cruz 
Biotechnology, Inc., respectively. 

(2) Yeast Two-Hybrid Screen 

352. The DBD and LBD of AR cDNA was amplified and was cloned into the Ndel 
and BamHI site of pGBKT? (Clontech). Yeast strain AH 109 was transformed with the vector 
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encoding GAL4DBD-AR-DBD-LBD fusion and was mated with yeast strain Y187 
pretransformed with the human ovary MATCHMAKER cDNA library (Clontech). The yeast 
clones were selected following the manufacturer's instruction. The positive clones were 
confirmed by clone lift assay and purified plasmids were retransformed into yeast strain AH 109 
5 with bait plasmids. The interaction specificity was further confirmed by liquid 13-galactosidase 
assay. 

(3) Plasmid Constructions 

353. To clone full-length Flag-tagged hRad9, hRad9 cDNA was amplified and cloned 
into the BamHI and Xbal sites in pCDNA3-Flag vector. Similarly, the cDNA fragments coding 

10 aa 1-270 or 269-391 of hRad9 were cloned into pCDNA-Flag to make the expressing vectors for 
N-terminus of hRad9 and C-terminus of hRad9, respectively. To assemble AR fragments into 
pGBKT? vector, fi-agments covering AR DBD or LBD were inserted with Ndel at the 5' and 
BamHI at the 3' by polymerase chain reaction (PCR) and cloned into the Ndel and BamHI sites 
in pGBKT7. The QuickChange site-directed mutagenesis kit (Stratagene) was used to mutate the 

15 hRad9 sequence. F361 of hRad9 was converted to Ala residue to yield the AXXLF mutant of 
hRad9 by the Quikchange kit (Stratagene). Similarly, L364 and F365 of hRad9 were converted 
to Ala residues to yield the FXXAA mutant of hRad9. The mammalian two-hybrid vector of full- 
length hRad9 was constructed by fusing the hRad9 cDNA in-frame to pCMX-GAL4-DBD. The 
N-terminus of hRad9 and C-terminus of hRad9 fragments were inserted in-frame to pM vector 

20 (Clontech.). DNA vector-Based RNA interference (RNAi) plasmids were used to reduce the 
endogenous hRad9 expression as previously described (Rahman, M. M., et al., Proc Natl Acad 
Sci U S A 100:5124-9 (2003)). RNAi constructs were designed to target the 56-76, 70-90, 91- 
110, and 232-252 bp of the hRad9 mRNA sequence relative to the first nucleotide of the start 
codon and are termed Rl , R2, R3, and R4 respectively. The selection of coding sequences was 

25 determined empirically and was analyzed by BLAST search to avoid any significant sequence 
homology with other genes. Vectors that express RNAi under the control of the U6 promoter 
were constructed by inserting pairs of aimealed DNA oligonucleatides into the BS/U6 vector 
between the Apal and EcoRI sites. All plasmids were verified by sequencing. 

(4) Cell Culture and Transfectlons 

30 354. PC-3,CWR22R, and LNCaP cell lines were maintained in RPMI- 1600 

supplemented with 10% fetal calf serum (FCS). Transient transfection for luciferase assays was 
carried out in 24-well plates (5x10* cells per well) using SuperFect as described previously (Lin, 
H. K., et al., Embo J 21 :4037-48 (2002)). DNA mixtures in transfection assay were indicated in 
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each figure. The total amount of transfected DNA was kept constant (1 |ig) by adding the 
corresponding amounts of empty expression plasmids. After transfection, cells were cultured in 
RPMI-1600 supplemented with 5% charcoal-stripped FCS in the presence or absence of 10 nM 
dihydrotestosterone (DHT) for 1 8 h. Luciferase assays were performed as previously described 
5 (Yang, L., et al., J Biol Chem 278: 1 6820-7 (2003)). In Western blotting assays, CWR22R or 
LNCaP cells were transfected by electroporation using 5x10* cells / 0.4 ml of RPMI medium 
containing 2% FCS plus 9 |ag of the indicated plasmids. 1 jAg of EGFP expression vector was 
used for transfection efficiency. Electroporation was performed at 250 V and 950 |xF using Gene 
Pulser n (Bio-Rad) 
10 (5) In vitro GST Pull-down Assays 

355. The N-terminus (N), DBD, LED, and DBD-LBD of AR were in vitro translated 
in the presence of [^^S] methionine using T7 polymerase and the coupled 
transcription/translation kit (Promega). pGEX-KG-hRad9 plasmids expressing GST-hRad9 
fiision protein were transformed into BL21 (DE3) bacteria strain. 0.4 mM isopropyl-P-D- 

1 5 thiogalactopyranoside was added into LB medium containing transformed bacteria when the 
OD600 reached 0.5. Bacteria were further cultured in 30°C for 3 h and lysed by 4 cycles of 
freezing-thawing in NETN buffer (20 mM Tris/pH 8.0, 0.5% NP-40, 100 mM NaCl, 6 mM 
MgC12, 1 mM EDTA, 1 mM DTT, 8% glycerol, and 1 mM PMSF). The GST-hRad9 fusion 
proteins were purified with glutathione-beads in 4°C. Labeled proteins of AR mutants were 

20 incubated with equal amounts of GST-hRad9 in binding buffer (50 mM Hepes, 100 mM NaCl, 
20 mM Tris-Cl/pH 8.0, 0.1% Tween 20, 10% glycerol, 1 mM dithiothreitol, 0.5 mM 
phenylmethysulfonyl fluoride, 1 mM NaF, and 0.4 mM sodium vanadate) with or without 10 nM 
DHT at 4°C for 2 h. The beads were then washed with NETN buffer 4 times, resuspended in 
SDS-polyacrylamide loading buffer, and resolved on 10% SDS-polyaciylamide gel 

25 electrophoresis followed by autoradiograhy. 

(6) Co-Immunoprecipitation Assays and Western Blotting 

356. 293T cells were transfected in 10-cm dishes with 2.5 jig Flag-hRad9 and 7.5jig 
pCMV-AR plasmids in the presence or absence of 10 nM DHT as indicated. Total cell extract 
was prepared in the presence of absence of 10 nM DHT in immunoprecipitation buffer (50 mM 

30 Tris-HCl/pH 8.0, 150 mM NaCl, 20% glycerol, 0.5% NP-40, 50 mM NaF, mM NaF, 0.4 mM 
sodium vanadate, 0.5 mM phenylmethysulfonyl fluoride, and 0.5 mM DTT). After 
centrifiigation, supematants were incubated for 2 h with M2 a-Flag antibody or normal anti- 
mouse serum. For CWR22R cells, cell extracts were prepared as above and supematants were 
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precipitated by ct-AR antibody (554225, BD Biosciences) or normal anti-mouse serum. 
Precipitated protein complexes were washed 4 times either in the presence or absence of 10 nM 
DHT and subsequently analyzed by Western blotting. 

(7) Real-Time PGR 

5 357. Prostate cancer specimens were collected at the time of radical prostatectomy, 

representing specimens from clinical prostate cancers. All histological diagnoses were confirmed 
by staining parallel sections with H&E. Total RNA was isolated using the Trizol (Gibco) 
reagent, according to the manufacturer's instructions, and 1 jag RNA was subjected to reverse 
transcription using Superscript II (Invitrogen, CA), Specific primers for hRAD9, 5'- 

1 0 CGCTGTAAGATCCTGATGAAGTC-3' (forward) (SEQ ID NO: 1 7) and 5'- 

tgcctcctcctcgtggtag-3' (reverse) (SEQ ID NO: 18), were designed according to Bacon Designer2 
software. 18s rRNA primers, 5'-tgccttccttggatgtggtag-3' (forward) (SEQ ID NO: 19), and 5'- 
cgtctgccctatcaactttcg-3' (reverse) (SEQ ID NO: 20), were used as controls. The real-time PGR 
was performed with 1 ^1 RT product, 12.5 |al 2XSYBR Green PGR Master Mix (Biorad), and 

15 0.5 \i\ of each primer (IOjjM), in a total volume of 25|j.l. PGR was performed with 94°C for 3 

min, and 40 cycles of 94X for 15 s, 60°C for 30s, and 72X for 30s on an iGycler iQ Multi-color 
real-time PGR detection system (Bio-Rad). Each sample was run in triplicate. Data were 
analyzed by iCycler iQ software (Bio-Rad). 

b) Results 

20 (1) Ligand-dependent Interaction of AR and hRad9 in Yeast 

358. In order to screen proteins with ligand-dependent interaction with AR, the human 
AR DBD-LBD was fiised with theDBD of GAL4 functioned as bait in yeast two-hybrid 
screening (Fig. 23 A). A pretransformed normal human ovary cDNA library was screened in the 
presence of 10 nM DHT. A total of 1x10^ individual yeast clones were first selected by nutrition 

25 deprivation and confirmed to activate |3-gal by clone-lift assay. Sequence analyses showed three 
clones, which encoded aa 327-391 of hRad9 in-frame with the GAM activation domain. The 
hRad9 fragment from yeast lies in the C-terminus of hRad9 and contains an FXXLF (aa.361- 
365) motif that overlaps with the potential nuclear localization sequence (NLS) motif (aa.356- 
364) (Hirai, I., and H. G. Wang,. J Biol Chem 277:25722-7 (2002)). This fiiagment of hRad9 is 

30 referred to as f-hRad9 (Fig. 23B). Liquid p-gal assay was performed to quantitatively analyze the 
interaction between AR and hRad9. Constructs containing either f-hRad9 peptide (a.a.327-391) 
or ARA70, an AR coactivator, showed a strong induction with the AR-DBD-LBD in the 
presence of DHT (Fig. 23C). As a negative control, GAM activation domain alone was not able 
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to interact with AR. Thus, these results indicate an androgen-dependent interaction between AR 
and hRad9 in yeast. 

(2) Analysis of hRad9 Expression 

359. Northern hybridization analyses were carried out to determine the expression of 

5 hRadP in various human tissues, especially the reproductive organs. Since the hRad9 N-terminus 
is homologous with PCNA, a specific probe was used covering the last 121 amino acid residues 
of hRad9 proteins. As shown in Fig. 24 A, hRad9 was ubiquitously expressed at variable levels in 
all eight tissues examined. When normalized to 3-actin mRNA levels, hRad9 mRNA was found 
at the highest levels in testis, second highest in prostate, and the lowest level in colon. 
10 hiterestingly, hHusl mRNA was found to be most abundant in testis where hRadl also expressed 
at high levels (Hang, H., and H. B. Lieberman, Genomics 65:24-33 (2000)). It is tempting to 
speculate that hRad9 may likely contribute to the meiotic checkpoint in testis where the 
maintenance of genomic DNA integrity is extremely important. 

360. The prostate is made up of epithelial glands and a fibromuscular stroma with 

15 prostate cancers arising from the glandular epithelium (Feldman, B. J., and D. Feldman, Nat Rev 
Cancer 1:34-45 (2001)). To determine hRad9 expression in prostate cancers, immunoblot 
analyses of variable prostate cancer cell lysates were performed, revealing an anti-hRad9- 
reactive band in all cells examined (Fig. 24B). In agreement with previous reports (Greer, D. A., 
et al., p. 4829-35, Cancer Res, vol. 63 (2003), Hirai, I., and H. G. Wang,. J Biol Chem 

20 277:25722-7 (2002)), fluorescence analyses using GFP-hRad9 fusion proteins indicated hRad9 
protein was localized mainly in the nucleus. Since AR also translocates into nucleus upon 
androgen treatment, hRad9 and AR proteins can be colocalized in the nucleus. 

361. The expression of hRad9 in human prostate samples under normal or pathologic 
situations using quantitative real-time PCR were also analyzed. All three samples were obtained 

25 firom patients with high-grade prostatic adenocarcinoma. Compared to the adjacent normal area, 
it was found that the neoplastic tissues express significantly less amounts of hRad9 as revealed 
by real-time-PCR analyses (Fig. 24C) in some patients that were examined. Although this result 
is intriguing, more samples may need to be analyzed before it can be established whether hRad9 
expression is frequently down-regulated in advanced prostate cancers. 

30 (3) hRad9 Associates with AR in vivo 

362. To determine whether hRad9 and AR interact in mammalian cells, the f-hRad9 
fragment was subcloned into the mammalian pM expression vector. Mammalian two-hybrid 
assays were carried out in PC-3 cells in the absence and presence of 10 nM DHT. As shown in 
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Fig. 25A, androgen-dependent interactions were detected between GAL4-f-hRad9 and fUll 
length AR (lane 2). The interaction between AR and the C-terminus of ARA54 was used as a 
positive control (Fig. 25 A, lane 3). Furthermore, the C-terminus of hRad9 (aa 269-391) 
displayed a strong interaction with AR in the presence of androgen while the PCNA-like domain 
5 of hRad9 (N- hRad9, aa 1-270) did not (Fig. 25 A, lane 5 and 4, respectively), indicating the C- 
terminus of hRad9 mediates the interaction with AR. 

363. To further investigate the physical association of full-length hRad9 (FL-hRad9) 
with AR, mammalian two-hybrid assays were performed with FL-hRad9 fused to the DBD of 
GAL4 and full length AR fused to VP 16. As seen in Fig. 25B, androgen stimulated the 

10 interaction between full length AR and hRad9 while hydroxyflutamide (HF), an antagonist for 
AR, inhibited the androgen-induced interaction between AR and hRadg. Furthermore, 293T 
cells were cotransfected with AR and Flag epitope-tagged hRad9 to test whether AR existed in 
hRad9 immunoprecipitates. An AR band was detected in the Flag-hRad9 immunoprecipitates 
(Fig. 25C). Finally, coimmunoprecipitation of native proteins from a prostate cancer cell line 

15 CWR22R extract confirmed the AR-hRad9 association in vivo ^ig. 25D). Together, the 
association between AR and hRad9 is unequivocal in mammalian cells. 

(4) Domains of AR Involved in Binding to hRad9 

364. While the C-terminus of hRad9 associates with AR, it was of interest to 
determine which domain (s) of AR is responsible for the interaction. Yeast two-hybrid assays 

20 were performed first in AH 109 yeast cells, different regions of AR fused with GAL4DBD were 
cotransformed with the plasmid containing VP 16 activation domain (VP 16- AD) or VP16-AD 
fused with amino acids 327-391 of hRad9 (VP16-f-Rad9) in the presence or absence of 10 nM 
DHT. In the absence of androgen, there was little interaction between VP16-hRad9 and various 
GAL4-AR fusion proteins (Fig. 26A, open bars). However, with the treatment of 10 nM DHT 

25 (Fig. 26A, closed bars), coexpression of VP 1 6-f-hRad9 and GAL4-AR-DBD-LBD yielded an 
increased reporter activity by ~10-fold over that with GAL4-AR-DBD-LBD and VP16 AD (Fig. 
26A, lane 2 vs. lane 1). As expected, VP16-f-hRad9 also interacted with AR LBD in the 
presence of androgen (Fig. 26A, lane 4). Though GAL4-AR-DBD did not interact with hRad9 
(Fig. 26A, lane 6), the interaction between hRad9 and AR LBD was weaker than the association 

30 between AR DBD-LBD and hRad9, indicating DBD domain might also contribute to the proper 
folding of AR-DBD-LBD in yeast. 

365. Since two-hybrid assays provide an indirect measurement of protein interactions, 
to investigate whether Rad9 interacts directly with AR LBD, GST pull-down assays were 
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performed using GST protein alone or GST-Rad9 fusion protein. The various domains of AR 
were labeled with [■'*S] -methionine by in vitro translation and incubated with GST-hRad9-bound 
beads. As shown in Fig. 26B, the AR LBD and the AR-DBD-LBD interacted specifically with 
Rad9. Unlike the interaction observed in the yeast two-hybrid system or the mammalian two- 
5 hybrid system, the presence or absence of androgen did not robustly influence the interaction 
between AR and hRad9. Consistent with previous studies, this discrepancy of ligand-dependent 
manner can be because the high concentration of proteins in GST pull-down assays can reduce 
the binding sensitivity between AR and its be associated with many other proteins that interrupt 
the AR-hRad9 association in the absence of ligand. Neither the N-terminus of AR (aa. 1-556) 
10 nor the DBD alone adhered to GST-hRad9. Therefore, these results are consistent with the yeast 
two-hybrid experiments and indicate that the AR LBD is required for the interaction with Rad9. 

(5) FXXLF Motif Mediates AR-hRad9 Interaction 

366. The LXXLL motif was first identified in some steroid receptor coactivators 
(Heery, D. M., et al., Nature 387:733-6 (1997)). However, among steroid receptors, AR appears 

.1 5 to be relatively unique as it interacts with only a very limited subset of LXXLL sequences 
(Chang, C. Y., and D. P. McDonnell., Mol Endocrinol 16:647-60 (2002)). Previous studies 
showed that the FXXLF motif plays important roles in mediating the interaction of the AR LBD 
with several FXXLF-containing AR coregulators (He, B., et al., J Biol Chem 275:22986-94 
(2000); He, B., et al., J Biol Chem 277:10226-35 (2002)). Literestingly, one FXXLF motif is 

20 located at the carboxyl-terminus of hRad9 (aa 361-365). To investigate whether this FXXLF 
motif contributes to the association between AR and hRad9, mutants of hRad9 at this FXXLF 
motif were tested with mammalian two-hybrid assays. Mutations of the FXXLF motif in Rad9 
decreased dramatically the interaction between AR and the fi-agment of hRad9 (aa 327-391), 
shown by either the AXXLF or FXXAA mutants (Fig. 27A, lane 3, 4 vs. lane 2, closed bars). 

25 Similarly, AXXLF or FXXAA mutants reduced the interaction between AR and full-length 
hRad9 (Fig. 27B, lane 3, 4 vs. lane 2, closed bars), indicating this FXXLF motif is critical for 
hRad9 to interact with AR. 

367. However, LXXLL or FXXLF motifs fail to predict precisely the interaction 
between AR and these motifs. For example, FXXLF motif peptides derived from the CBP 

30 (FGSLF) and p300 (FGSLF) fail to interact with AR (He, B., et al., J Biol Chem 277: 10226-35 
(2002)). Moreover, the mutants of FXXLF motif in hRad9 might eliminate the AR-hRad9 
interaction because of the whole conformation change of hRadg, not limited to the FXXLF m- 
helix. Thus, it was of interest to determine whether the FXXLF motif in hRad9 can directly 
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interact with AR. Therefore, a small peptide containing the FXXLF motif of hRad9 was fused 
with GAL4-DBD (Fig. 27C upper panel), cotransfected with VP16-AR, and tested in the 
absence and presence of 10 nM DHT in two-hybrid peptide assays. Androgen-dependent 
interactions were demonstrated between VP16-AR and the GAL4-FXXLF fusion peptides (Fig. 
5 27C). As a positive control, a 350 fold DHT-dependent interaction with a GAL4-D30 peptide 
was observed, which contains a LXXLL motif that interacts with AR as described previously 
(Chang, C. Y., and D. P. McDonnell., Mol Endocrinol 16:647-60 (2002)). Together, the data 
demonstrate that the FXXLF motif in C-terminus of hRad9 mediates the interaction with the AR. 

(6) hRad9 Specifically Represses AR-mediated Transactivation 

10 368. To understand the consequence of hRad9 binding to the AR, AR transactivation 

was studied with the MMTV-LUC reporter in PC-3 cells. The promoter of MMTV-LUC is a 
naturally occurring MMTV-long terminal repeat (LTR) which contains androgen-responsive 
elements (ARE). Cotransfection of wild type hRad9 with AR decreased the transcriptional 
activity of AR in a dose-dependent manner (Fig. 28A, lanes 3-5), whereas FXXAA mutants had 

15 only marginal effect on AR transactivation (Fig. 28A, lanes 6-8). Neither wild type (WT) nor 
FXXAA mutant of hRad9 had an effect on the transcriptional activity in the absence of 10 nM 
DHT, indicating that they do not affect the basal transcriptional activity. Similar results were 
observed when PC-3 cells were replaced with LNCaP cells. 

369. To determine the effect of endogenous hRad9 on AR, CWR22R cells were 

20 transfected with several siRNA constructs targeting hRad9 (Rl , R2, R3, and R4) or mock- 

transfected as control. After 2 days of transfection, the protein levels of hRad9 were evaluated by 
immunoblot analyses with anti-hRad9 antibodies. Whereas R2 andR4 siRNA constructs only 
marginally reduced endogenous hRad9 expression and R3 moderately decreased hRad9 
expression (Fig. 28B, lanes 3, 5 and 4), Rl siRNA dramatically reduced the hRad9 protein in 

25 CWR22R cells (Fig. 28B lane 2). Therefore, the influence of siRNA Rl on AR transcriptional 
activity was tested in CWR22R cells. Rl siRNA increased the DHT-induced activation of the 
MMTV-LUC reporter in a dose-dependent manner (Fig. 28C), indicating the repressive effect of 
endogenous hRad9 on AR. Similar results were observed when CWR22R cells were replaced 
with PC-3 cells. 

30 370. Prostate-specific antigen (PSA) is a clinically significant androgen-stimulated 

gene that is used to monitor response to treatment and progression of prostate cancer (Debes, J. 
D., and D. J. Tindall, Cancer Lett 187:1-7 (2002)). Endogenous PSA protein expression was 
induced by the DHT treatment in LNCaP cells (Fig. 28D, lane 2). Addition of hRad9 potently 
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inhibited the DHT-mediated induction of PSA (Fig. 28D, lane 4). Taken together, these data 
showed, for the first time, an involvement of hRad9 in AR transcriptional activation. 

371. To determine whether hRad9 can interact with other steroid receptors and further 
affect their transactivation, the possible association of hRad9 with the estrogen receptor a (ERa) 

5 or the vitamin D receptor (VDR) in mammalian two-hybrid system was examined. In the 
presence of estrogen, ERcc showed strong interaction with GAL4D30 (Fig. 29A, lane 3), 
whereas there was no interaction with hRad9 (Fig. 29A, lane 2). Similarly, VDR associated with 
GAL4-RXRa (Fig. 29B, lane 3), however, there was no interaction of hRad9 with VDR (Fig. 
29B, lane 2). As previous studies reported FXXLF is a motif specific for AR coregulators (He, 

10 B., et al., J Biol Chem 277: 10226-35 (2002)), it is not surprising that hRad9 is more specific to 
AR as compared to other steroid receptors since the studies showed that the FXXLF motif in 
hRad9 mediates the interaction between hRad9 and AR. ERE-LUC and rCyp24-LUC reporter 
plasmids were used to demonstrate the transcriptional activity of ERa and VDR, respectively. As 
shown in Fig. 29C and 29D, whereas the ER and VDR could induce luciferase activity in the 

15 presence of their cognate ligands in PC-3 cells, cotransfection of hRad9 had little inhibitory 
effect on their transcriptional activity. 

372. hRad9 Suppressed the AR N/C interaction—Early reports suggested the FXXLF 
motif in AR N-terminus is important for interacting with the C-terminus of AR and this 
interaction is required for full capacity of AR transactivation (Hsu, C. L., et al., J Biol Chem 

20 278:23691-8 (2003)). While the C-terminus of hRad9 contains the FXXLF motif and interacts 
with the LBD, it is possible that Rad9 can influence the AR N/C interaction. As previously 
described (Chang, C. Y., and D. P. McDonnell., Mol Endocrinol 16:647-60 (2002)), a 
reconstituted AR transcription assay was used to address this possibility (Fig. 30A, upper panel). 
In PC-3 cells, the AR DBD-LBD (aa. 556-919) displayed minimal transactivation even in the 

25 presence of DHT, consistent with previous studies showing AR LBD only has minimal 

transcriptional activity. However, coexpression of the N-terminus of AR (aa 1-556) with AR 
DBD-LBD restores agonist-induced transactivation (Fig. 30A, lower panel, lane 1). The GAL4- 
D30 was used as a positive control in this experiment to show the blockage oft the N/C 
interaction in AR (Fig. 30A, lane 4). The C-terminus of Rad9 can potently inhibit the interaction 

30 between AR N- and C-terminus in the presence of androgen (Fig. 3 OA, lane 3), whereas the N- 
terminus of hRad9, which cannot interact with AR, has no effect on N-C interaction (Fig. 30A, 
lane 2). Furthermore, the full length AR was applied to test whether the C-terminus of hRad9 
can block intact AR transactivation. The data demonstrated only the C-terminus of hRad9, not 

— 118 — 



Attorney Docket Number 21108.0037U1 

the N-terminus of Rad9, suppressed AR-mediated transactivation (Fig. 30B). Together, these 
resuhs indicate one mechanism by which disruptions of AR N/C interaction by the hRad9 
FXXLF motif might contribute to the inhibitory role of Rad9 on AR. Consequently, the binding 
between other coactivators and AR can be blocked due to the lack of a stabilized N/C interaction 
5 which is necessary for AR activation. 

373. Studies in Schizosaccharomyces pombe and human cells have demonstrated a 
conserved checkpoint pathway, including hRad9, hHusl, and hRadl, capable of causing cell cycle 
arrest in response to incomplete DNA replication or DNA damage (al-Khodairy, F., et al., Mol 
Biol Cell 5:147-60 (1994), Freire, R., et al.. Genes Dev 12:2560-73 (1998), Kaur, R., et al., Mol 

10 Biol Cell 12:3744-58 (2001), Kostrub, C. F., et al., Embo J 17:2055-66 (1998)). Later studies 
demonstrated that hRad9, hHusl and hRadl form a stable heterotrimeric complex, called the 9-1 - 
1 complex, with a clamp structure similar to PCNA (Thelen, M. P., et al., Cell 96:769-70 
(1999)). Biochemical, biophysical, and molecular modeling studies suggest that RadlV may help 
load the 9-1-1 complex onto sites of DNA damage in the checkpoint signaling pathway (Rauen, 

15 M., et al., J Biol Chem 275:29767-71 (2000)). Since DNA damage induces hRadl7-dependent 
association of 9-1-1 with chromatin, it is believed that the 9-1-1 complex is involved in the 
direct recognition of DNA lesions and initiates the checkpoint responses (Zou, L., et al.. Genes 
Dev 16: 198-208 (2002)). Nonetheless, the hRad9 C-terminal region is not involved in the 
interaction with hRadl or hHusl, and is exposed outside of the 9-1-1 clamp structure (Roos- 

20 Mattjus, P., et al., J Biol Chem 278:24428-37 (2003)). This flexible structure of hRad9 C- 

terminus leads to the possibility that it can play important roles in interacting with other proteins 
and subsequently regulate other signal transduction pathways. Indeed, the C-terminal region of 
hRad9 (aa. 270-391) contains a predicted NLS (aa. 356-364) which can act to guide the 9-1-1 
complex into the nucleus (Hirai, I., and H. G. Wang,. J Biol Chem 277:25722-7 (2002)). The 

25 SH3 domain of c-Abl also interacts directly with the C-terminal region of hRad9 (64), hRad9 

interacts with replication and checkpoint protein topoisomerase n beta binding protein 1 through 
the C-terminal 17 amino acids of hRad9 (Greer, D. A., et al.. Cancer Res 63:4829-35 (2003)). 
Furthermore, several phosphorylation sites were identified in the hRad9 C-terminal region that 
can play critical roles in the transduction of downstream checkpoint signals (Roos-Mattjus, P., et 

30 al., J Biol Chem 278:24428-37 (2003), St. Onge, R.P.. et al., J Biol Chem 278:26620-8 (2003)). 
Present studies add a new role for the hRad9 C-terminus, to modulation of AR transcriptional 
activity through its interaction with the AR LBD via its FXXLF motif (Fig. 27), which links 
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directly a key player in DNA damage detection and repair with AR-mediated transcription in 
prostate cancer. 

374. Clinical studies have shown that androgen ablation improved the survival of 
patients with locally advanced prostate cancer when combined with radiation therapy (Bolla, M., 

5 D. et al., . N Engl J Med 337:295-300 (1997)). Furthermore, flie use of animal models have 

suggested androgen can protect prostate cancer from apoptosis induced by radiotherapy (Joon, D. 
L., et al., Int J Radiat Oncol Biol Phys 38:1071-7 (1997)). Studies using prostate cancer cell lines 
also demonstrate that androgen plays protective roles in LNCaP cells exposed to radiation or 
chemotherapeutic agents (Berchem, G. J., et al.. Cancer Res 55:735-8 (1995), Coffey, R. N., et 

10 al.. Prostate 53:300-9 (2002)). However, the mechanism underling the protective effect of 

androgen remains largely unknown. The findings that hRad9 functions as a corepressor for AR 
can open up several avenues of investigation. Though prostate cancer has a low proliferative 
index, it is noteworthy that prostate cancer cells show high rates of mutation, indicating DNA 
lesions can occur frequently in prostate cancer cells (Hara, T., J. et al.. Cancer Res 63:149-53 

15 (2003)). With evidence showing that hRad9 functions as a negative regulator of the AR- 
mediated franscription (Fig. 28), a possible mechanism was provided for prostate cancer cells to 
reduce the potential cell proliferation at the moment when cells are repairing the DNA lesions. 
Loss of hRad9 in cells can decrease the cell ability to repair DNA lesions and increase cell 
proliferation mediated by androgen/AR (Fig. 31). Interestingly, the preliminary analyses using a 

20 few prostate cancer samples show the expression of hRad9 is reduced in prostate tumors as 

compared to normal prostatic tissue (Fig. 24C).This fits the above hypothesis and indicates that 
dysregulated expression of hRad9 can be involved in the progression of prostate cancer. Early 
studies also showed hRad9 may play roles in the modulation of cell cycle progrogression (Siede, 
W., et al., Proc Natl Acad Sci U S A 90:7985-9 (1993)). Blocking of hRad9 expression showed 

25 reduced ionizing radiation-induced accumulation of G2-M cells and more cells bypassed the G2 
checkpoint after ionizing radiation or hydroxyurea freatment (Hirai, I., and H. G. Wang,. J Biol 
Chem 277:25722-7 (2002)). Furthermore, previous reports demonstrate that hRad9, as well as 
hHusl might act as tumor suppressors through their frmctions of maintaining chromosome 
integrity (Cai, R. L., Y. et al., J Biol Chem 275:27909-16 (2000)). Therefore, these two 

30 fiinctions of hRad9, repressing AR activity and DNA damage checkpoint, could interdependently 
prevent cell transformation in prostate cancer development. 

375. Finally, the data (Fig. 30) demonsfrated that hRad9 can suppress AR 
transcriptional activity via interrupting the AR N/C interaction. Previous studies suggested that 
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AR N/C interaction might play essential roles for AR transcriptional activity. Several AR 
coactivators, such as SRC-1 and CBP, were shown to be able to promote AR N/C interaction 
(Mclnemey, E. M., et al., Proc Natl Acad Sci U S A 93:10069-73 (1996)). Conversely, SMRT 
and Filamin-A, two AR corepressors, were shown to inhibit AR activity through disruption of 
5 the AR N/C interaction and/or competition with the pi 60 coactivators (Liao, G., et al., J Biol 
Chem 278:5052-61 (2003), Ngan, E. S., et al., 22:734-9 (2003)). However, whether these 
coregulators may utilize their LXXLL or FXXLF motifs to affect AR N/C interaction is not 
clear. The reasons that the FXXLF motif in hRad9 strongly interacts with the AR LBD may be: 
1) two positive amino acid residues (k359 ^nd K^^O) \[q N- terminus of FXXLF; 2) no 
10 positively charge amino acid residues are located near the C-terminus of FXXLF; 3) there are no 
amino acid residues, such as glycine and proline, which can interrupt the FXXLF a-helix 
structure in FXXLF. Thus, hRad9 fits quite well in the model recently proposed for FXXLF 
motif binding to AR LBD (He, B., and E. M. Wilson, Mol Cell Biol 23:2135-50 (2003)). 

376. In summary, hRad9 was identified as a corepressor of AR. hRad9 interacts with 
15 AR LBD through its C-terminus and reduces AR transcriptional activity by interrupting the AR 

N/C interaction. Further studies may help to better understand the connection between hRad9 
and AR in prostate cancers. 

377. Throughout this application, various publications are referenced. The disclosures 
of these publications in their entireties are hereby incorporated by reference into this application 

20 in order to more fully describe the state of the art to which this invention pertains. The 

references disclosed are also individually and specifically incorporated by reference herein for 
the material contained in them that is discussed in the sentence in which the reference is relied 
upon. 

378. It will be apparent to ttiose skilled in the art that various modifications and 

25 variations can be made in the present invention without departing from the scope or spirit of the 
invention. Other embodiments of the invention will be apparent to those skilled in the art from 
consideration of the specification and practice of the invention disclosed herein. It is intended 

that the specification and examples be considered as exemplary only, with a true scope and spirit 
of the invention being indicated by the following claims. 
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dependent loading of Rad9 complexes onto chromatin. Genes Dev 16:198-208. 
H. Sequences 

1. SEQ ID NO:l AAH18121. Amyloid beta prec. 585 aa Amyloid beta precursor 
protein-binding protein 2 [Homo sapiens (ARA67) 

1 maavelewip etlyntaisa wdnyirsrr dirslpeniq fdvyyklyqq grlcqlgsef 
61 celevfakvl raldkrhllh hcfqalmdhg vkvasvlays fsrrcsyiae sdaavkekai 
1 2 1 qvgfvlggfl sdagwysdae kvflsclqlc tlhdemlliwf raveccvrll hvmgnckyh 
1 8 1 Igeetfklaq tymdklskhg qqankaalyg elcallfaks hydeaykwci eamkeitagl 
24 1 pvkvwdvlr qaskacwkr efkkaeqiik havylardhf gskhpkysdt Ildygfylln 
301 vdnicqsvai yqaaldirqs vfggknihva tahedlayss yvhqyssgkf dnalfhaera 
361 igiithiipe dhlllasskr vkalileeia idchnketeq rllqeahdih Isslqlakka 
421 fgefhvqtak hygnlgrlyq smrkfkeaee mhikaiqike qllgqedyev alsvghlasl 
48 1 ynydmnqyen aeklylrsia igkklfgegy sgleydyrgl ikiynsigny ekvfeyhnvl 
541 snwnrlrdrq ysvtdaledv stspqsteev vqsflisqnv egpsc 

2. SEQ ID NO:2BC018121. Homo sapiens amyl 1758 bp mRNA Homo sapiens 
amyloid beta precursor protein (cytoplasmic tail) binding protein 2, mRNA complete 
cds. 

1 atggcggccg tggaactaga gtggatccca gagactctct ataacaccgc catctccgct 

61 gtcgtggaca actacatccg ctcccgccga gacatccgct ccttgcccga gaacatccag 
121 tttgatgttt actacaagct ttaccaacag ggacgcttat gtcaactggg cagtgaattt 
181 tgtgaattgg aagtttttgc taaagtactg agagctttgg ataaaagaca tttgcttcat 
241 cattgttttc aggctttgat ggatcatggt gttaaagttg cttcagtctt ggcctactca 
301 ttcagtaggc ggtgctctta tatagcagaa tcagatgctg cagtaaagga aaaagccatt 
361 caggttggct ttgttttagg tggctttctt tcagatgcag gctggtacag tgatgctgag 
42 1 aaagtttttc tgtcctgcct tcagttgtgt actctacacg atgagatgct tcattggttt 
48 1 cgtgcagtag aatgttgtgt gaggttgctt catgtgcgaa atggaaactg caaatatcat 
54 1 ttgggtgaag aaacatttaa attagctcag acatatatgg ataaactatc aaaacatggc 
60 1 cagcaagcaa ataaagctgc actctatgga gaactgtgtg cactcctatt tgcaaaaagt 
66 1 cactatgatg aggcatacaa atggtgcatc gaggcaatga aagaaattac agcaggctta 
72 1 ccagtgaaag ttgtggtgga tgtcttaaga caagcttcta aggcttgtgt agtaaaacgt 
78 1 gaatttaaga aggcagaaca gttaattaaa catgcagtgt atttggcacg ggatcatttt 
841 ggatccaaac acccaaaata ttctgataca ctgctagatt atgggttcta cttactcaat 
901 gtagataata tctgtcagtc tgttgcaatt tatcaggcag cccttgacat tagacagtca 
96 1 gtgtttggtg gcaaaaatat ccacgtagca acagctcatg aagatttggc ctactcttct 
1 02 1 tatgtccacc agtatagctc tgggaaattt gacaatgcac tatttcatgc agaaagagct 
1 08 1 attggtatca ttacccacat cctacctgaa gatcatcttc ttttggcttc ttcaaagagg 
1141 gtgaaagcac ttattttaga ggagattgca attgattgtc ataataagga aactgaacag 
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1201 aggctgcttc aagaagctca tgatttgcac ctgtcttcac tccaactagc taaaaaagct 
1261 tttggggaat ttaatgtaca gactgcaaaa cactatggaa accttggaag actttatcag 
1321 tcaatgagaa aatttaagga agctgaagaa atgcacatca aagcaattca gattaaagaa 
1381 caacttcttg gtcaagaaga ttatgaagta gccctttcag tgggacatct ggcttcttta 
5 1 44 1 tataattatg acatgaatca gtatgaaaat gctgagaaac tttatttgcg atctatagca 

1 501 attgggaaga aactttttgg tgagggctac agtggactag aatatgatta tcgaggtctc 
1 561 attaaacttt acaactccat tggaaattac gagaaagtgt ttgaatatca caatgttctg 
1 62 1 tctaactgga accggttgcg agatcggcaa tattcagtga cagatgctct tgaagatgtc 
1681 agcaccagcc cccagtccac tgaagaagtg gtgcagtcct tcctgatttc tcagaatgtc 
10 1741 gagggaccga gctgctga 

3. SEQ ID NO:3 AR protein sequence (Accession No. NM_000044) 
MEVQLGLGRVYPRPPSKTYRGAFQNLFQSVREVIQNPGPRHPEA 

ASAAPPGASLLLLQQQQQQQQQQQQQQQQQQQQQETSPRQQQQQQGEDGSPQAHRRGP 
TGYLVLDEEQQPSQPQSALECHPERGCVPEPGAAVAASKGLPQQLPAPPDEDDSAAPS 

1 5 TLSLLGPTFPGLSSCSADLKDILSEASTMQLLQQQQQEAVSEGSSSGRAREASGAPTS 

SKDNYLGGTSTISDNAKELCKAVSVSMGLGVEALEHLSPGEQLRGDCMYAPLLGVPPA 
VRPTPCAPLAECKGSLLDDSAGKSTEDTAEYSPFKGGYTKGLEGESLGCSGSAAAGSS 
GTLELPSTLSLYKSGALDEAAAYQSR©YYNFPLALAGPPPPPPPPHPHAIUKLENPLD 
YGSAWAAAAAQCRYGDLASLHGAGAAGPGSGSPSAAASSSWHTLFTAEEGQLYGPCGG 

20 GGGGGGGGGGGGGGGGGGGGGGEAGAVAPYGYTRPPQGLAGQESDFTAPDVWYPGGMV 
SRVPYPSPTCVKSEMGPWMDSYSGPYGDMRLETARDHVLPIDYYFPPQKTCLICGDEA 
SGCHYGALTCGSCKVFFKRAAEGKQKYLCASRNDCTIDKFRRKNCPSCRLRKCYEAGM 
TLGARKLKKLGNLKLQEEGEASSTTSPTEETTQKLTVSHIEGYECQPIFLNVLEAIEP 
GVVCAGHDNNQPDSFAALLSSLNELGERQLVHVVKWAKALPGFRNLHVDDQMAVIQYS 

25 WMGLMVFAMGWRSFTNVNSRMLYFAPDLVFNEYRMHKSRMYSQCVRMRHLSQEFGWLQ 
ITPQEFLCMKALLLFSIIPVDGLKJSIQICFFDELRMNYIKELDRJIACKRKNPTSCSRRF 
YQLTKLLDSVQPIARELHQFTFDLLIKSHMVSVDFPEMMAEIISVQVPKILSGKVKPI 
YFHTQ 

4. SEQ ID NO:4 AR cDNA sequence (Accession No. NM_000044) 

30 1 cgagatcccg gggagccagc ttgctgggag agcgggacgg tccggagcaa gcccacaggc 

61 agaggaggcg acagagggaa aaagggccga gctagccgct ccagtgctgt acaggagccg 
121 aagggacgca ccacgccagc cccagcccgg ctccagcgac agccaacgcc tcttgcagcg 
181 cggcggcttc gaagccgccg cccggagctg ccctttcctc ttcggtgaag tttttaaaag 
241 ctgctaaaga ctcggaggaa gcaaggaaag tgcctggtag gactgacggc tgcctttgtc 

35 301 ctcctcctct ccaccccgcc tccccccacc ctgccttccc cccctccccc gtcttctctc 

361 ccgcagctgc ctcagtcggc tactctcagc caacccccct caccaccctt ctccccaccc 
42 1 gcccccccgc ccccgtcggc ccagcgctgc cagcccgagt ttgcagagag gtaactccct 
48 1 ttggctgcga gcgggcgagc tagctgcaca ttgcaaagaa ggctcttagg agccaggcga 
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541 ctggggagcg gcttcagcac tgcagccacg acccgcctgg ttagaattcc ggcggagaga 
601 accctctgtt ttcccccact ctctctccac ctcctcctgc cttccccacc ccgagtgcgg 
661 agcagagatc aaaagatgaa aaggcagtca ggtcttcagt agccaaaaaa caaaacaaac 
721 aaaaacaaaa aagccgaaat aaaagaaaaa gataataact cagttcttat ttgcacctac 
781 ttcagtggac actgaatttg gaaggtggag gattttgttt ttttctttta agatctgggc 
841 atcttttgaa tctacccttc aagtattaag agacagactg tgagcctagc agggcagatc 
901 ttgtccaccg tgtgtcttct tctgcacgag actttgaggc tgtcagagcg ctttttgcgt 
961 ggttgctccc gcaagtttcc ttctctggag cttcccgcag gtgggcagct agctgcagcg 
1021 actaccgcat catcacagcc tgttgaactc ttctgagcaa gagaagggga ggcggggtaa 
1081 gggaagtagg tggaagattc agccaagctc aaggatggaa gtgcagttag ggctgggaag 
1141 ggtctaccct cggccgccgt ccaagaccta ccgaggagct ttccagaatc tgttccagag 
1 20 1 cgtgcgcgaa gtgatccaga acccgggccc caggcaccca gaggccgcga gcgcagcacc 
1261 tcccggcgcc agtttgctgc tgctgcagca gcagcagcag cagcagcagc agcagcagca 
1 32 1 gcagcagcag cagcagcagc agcagcaaga gactagcccc aggcagcagc agcagcagca 
1381 gggtgaggat ggttctcccc aagcccatcg tagaggcccc acaggctacc tggtcctgga 
1441 tgaggaacag caaccncac agccgcagtc ggccctggag tgccaccccg agagaggng 
1501 cgtcccagag cctggagccg ccgtggccgc cagcaagggg ctgccgcagc agctgccagc 
1561 acctccggac.gaggatgact cagctgcccc atccacgttg tccctgctgg gccccacttt 
1621 ccccggctta agcagctgct ccgctgacct taaagacatc ctgagcgagg ccagcaccat 
1681 gcaactcctt cagcaacagc agcaggaagc agtatccgaa ggcagcagca gcgggagagc 
1741 gagggaggcc tcgggggctc ccacttcctc caaggacaat tacttagggg gcacttcgac 
1 801 catttctgac aacgccaagg agttgtgtaa ggcagtgtcg gtgtccatgg gcctgggtgt 
1861 ggaggcgttg gagcatctga gtccagggga acagcttcgg ggggattgca tgtacgcccc 
1 92 1 acttttggga gttccacccg ctgtgcgtcc cactccttgt gccccattgg ccgaatgcaa 
1981 aggttctctg ctagacgaca gcgcaggcaa gagcactgaa gatactgctg agtattcccc 
2041 tttcaaggga ggttacacca aagggctaga aggcgagagc ctaggctgct ctggcagcgc 
2101 tgcagcaggg agctccggga cacttgaact gccgtctacc ctgtctctct acaagtccgg 
2161 agcactggac gaggcagctg cgtaccagag tcgcgactac tacaactttc cactggctct 
222 1 ggccggaccg ccgccccctc cgccgcctcc ccatccccac gctcgcatca agctggagaa 
2281 cccgctggac tacggcagcg cctgggcggc tgcggcggcg cagtgccgct atggggacct 
2341 ggcgagcctg catggcgcgg gtgcagcggg acccggttct gggtcaccct cagccgccgc 
2401 ttcctcatcc tggcacactc tcttcacagc cgaagaaggc cagttgtatg gaccgtgtgg 
2461 tggtggtggg ggtggtggcg gcggcggcgg cggcggcggc ggcggcggcg gcggcggcgg 
2521 cggcggcggc gaggcgggag ctgtagcccc ctacggctac actcggcccc ctcaggggct 
2581 ggcgggccag gaaagcgact tcaccgcacc tgatgtgtgg taccctggcg gcatggtgag 
2641 cagagtgccc tatcccagtc ccacttgtgt caaaagcgaa atgggcccct ggatggatag 
2701 ctactccgga ccttacgggg acatgcgttt ggagactgcc agggaccatg ttttgcccat 
2761 tgactattac tttccacccc agaagacctg cctgatctgt ggagatgaag cnctgggtg 
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2821 tcactatgga gctctcacat gtggaagctg caaggtcttc ttcaaaagag ccgctgaagg 
2881 gaaacagaag tacctgtgcg ccagcagaaa tgattgcact attgataaat tccgaaggaa 
294 1 aaattgtcca tcttgtcgtc ttcggaaatg ttatgaagca gggatgactc tgggagcccg 
3001 gaagctgaag aaacttggta atctgaaact acaggaggaa ggagaggctt ccagcaccac 
5 3061 cagccccact gaggagacaa cccagaagct gacagtgtca cacattgaag gctatgaatg 

3121 tcagcccatc tttctgaatg tcctggaagc cattgagcca ggtglagtgt gtgctggaca 
3181 cgacaacaac cagcccgact cctngcagc cttgctctct agcctcaatg aactgggaga 
324 1 gagacagctt gtacacgtgg tcaagtgggc caaggccttg cctggcttcc gcaacttaca 
330 1 cgtggacgac cagatggctg tcattcagta ctcctggatg gggctcatgg tgtttgccat 

10 3361 gggctggcga tccttcacca atgtcaactc caggatgctc tacttcgccc ctgatctggt 

342 1 tttcaatgag taccgcatgc acaagtcccg gatgtacagc cagtgtgtcc gaatgaggca 
348 1 cctctctcaa gagtttggat ggctccaaat caccccccag gaattcctgt gcatgaaagc 
3541 actgctactc ttcagcatta ttccagtgga tgggctgaaa aatcaaaaat tctttgatga 
3601 acttcgaatg aactacatca aggaactcga tcgtatcatt gcatgcaaaa gaaaaaatcc 

15 366 1 cacatcctgc tcaagacgct tctaccagct caccaagctc ctggactccg tgcagcctat 

372 1 tgcgagagag ctgcatcagt tcacttttga cctgctaatc aagtcacaca tggtgagcgt 
378 1 ggactttccg gaaatgatgg cagagatcat ctctgtgcaa gtgcccaaga tcctttctgg 
3841 gaaagtcaag cccatctatt tccacaccca gtgaagcatt-ggaaacccta tttccccacc 
3901 ccagctcatg ccccctttca gatgtcttct gcctgttata actctgcact actcctctgc 

20 396 1 agtgccttgg ggaatttcct ctattgatgt acagtctgtc atgaacatgt tcctgaattc 

4021 tatttgctgg gctttttttt tctctttctc tcctttcttt ttcttcttcc ctccctatct 
408 1 aaccctccca tggcaccttc agactttgct tcccattgtg gctcctatct gtgttttgaa 
4141 tggtgttgta tgcctttaaa tctgtgatga tcctcatatg gcccagtgtc aagttgtgct 
420 1 tgtttacagc actactctgt gccagccaca caaacgttta cttatcttat gccacgggaa 

25 426 1 gtttagagag ctaagattat ctggggaaat caaaacaaaa aacaagcaaa i 

4321 a 



5. SEQ ID NO:5 GSK3B Protein (Accession No. NP_002084) 
1 msgrprttsf aesckpvqqp safgsmkvsr dkdgskvttv vatpgqgpdr pqevsytdtk 

30 61 vigngsfgw yqaklcdsge Ivaikkvlqd krfknrelqi mrkldhcniv rliyflyssg 

121 ekkdevylnl vldyvpetvy rvarhysrak qtlpviyvkl ymyqlfrsla yihsfgichr 
181 dikpqnllld pdtavlklcd fgsakqlvrg epnvsyicsr yyrapelifg atdytssidv 
241 wsagcvlael llgqpifpgd sgvdqlveii kvlgtptreq iremnpnyte fkfpqikahp 
301 wlkdssgtgh ftsgvrvfip rtppeaialc srlleytpta ritpleacah sfFdelrdpn 

35 361 vklpngrdtp alfnfttqel ssnpplatil ipphariqaa astptnataa sdantgdrgq 

421 tnnaasasas nst 

6. SEQ ID NO:6 GSK3B DNA (Accession No. NM_002093) 
1 atcatctata tgttaaatat ccgtgccgat ctgtcttgaa ggagaaatat atcgcttgtt 
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61 ttgtttttta tagtatacaa aaggagtgaa aagccaagag gacgaagtct ttttcttttt 
1 2 1 cttctgtggg agaacttaat gctgcattta tcgttaacct aacaccccaa cataaagaca 
181 aaaggaagaa aaggaggaag gaaggaaaag gtgattcgcg aagagagtga tcatgtcagg 
241 gcggcccaga accacctcct ttgcggagag ctgcaagccg gtgcagcagc cttcagcttt 
301 tggcagcatg aaagttagca gagacaagga cggcagcaag gtgacaacag tggtggcaac 
361 tcctgggcag ggtccagaca ggccacaaga agtcagctat acagacacta aagtgattgg 
421 aaatggatca tttggtgtgg tatatcaagc caaactttgt gattcaggag aactggtcgc 
481 catcaagaaa gtattgcagg acaagagatt taagaatcga gagctccaga tcatgagaaa 
541 gctagatcac tgtaacatag tccgattgcg ttatttcttc tactccagtg gtgagaagaa 
601 agatgaggtc tatcttaatc tggtgctgga ctatgttccg gaaacagtat acagagttgc 
661 cagacactat agtcgagcca aacagacgct ccctgtgatt tatgtcaagt tgtatatgta 
721 tcagctgttc cgaagtttag cctatatcca ttcctttgga atctgccatc gggatattaa 
781 accgcagaac ctcttgttgg atcctgatac tgctgtatta aaactctgtg actftggaag 
84 1 tgcaaagcag ctggtccgag gagaacccaa tgtttcgtat atctgttctc ggtactatag 
901 ggcaccagag ttgatctttg gagccactga ttatacctct agtatagatg tatggtctgc 
961 tggctgtgtg ttggctgagc tgttactagg acaaccaata tttccagggg atagtggtgt 
1021 ggatcagttg gtagaaataa tcaaggtcct gggaactcca acaagggagc aaatcagaga 
1081 aatgaaccca aactacacag aatttaaatt ccctcaaatt aaggcacatc cttggactaa 
1141 ggattcgtca ggaacaggac atttcacctc aggagtgcgg gtcttccgac cccgaactcc 
1201 accggaggca attgcactgt gtagccgtct gctggagtat acaccaactg cccgactaac 
1261 accactggaa gcttgtgcac attcattttt tgatgaatta cgggacccaa atgtcaaact 
1321 accaaatggg cgagacacac ctgcactctt caacttcacc actcaagaac tgtoaagtaa 
1381 tccacctctg gctaccatcc ttattcctcc tcatgctcgg attcaagcag ctgcttcaac 
1441 ccccacaaat gccacagcag cgtcagatgc taatactgga gaccgtggac agaccaataa 
1 50 1 tgctgcttct gcatcagctt ccaactccac ctgaacagtc ccgagcagcc agctgcacag 
1 56 1 gaaaaaccac cagttacttg agtgtcactc agcaacactg gtcacgtttg gaaagaatat 
1 62 1 taaaaaaaaa aaaaaaaaa 

7. SEQ ID NO:7 hRAD9 protein (Accession No. AAB39928) 
MKCLVTGGNVKVLGKAVHSLSRIGDELYLEPLEDGLSLRTVNSSRSAYACFLFAPLFFQQYQAATPGQ 
DLLRCKILMKSFLSVFRSLAMLEKTVEKCCISLNGRSSRLWQLHCKFGVRKTHNLSFQDCESLQAVFD 
PASCPHMLRAPARVLGEAVLPFSPALAEVTLGIGRGRRVILRSYHEEEADSTAKAMVTEMCLGEEDFQ 
QLQAQEGVAITFCLKEFRGLLSFAESANLNLSIHFDAPGRPAIFTIKDSLLDGHFVLATLSDTDSHSQDL 
GSPERHQPVPQLQAHSTPHPDDFANDDIDSYMIAMETTIGNEGSRVLPSISLSPGPQPPKSPGPHSEEED 
EAEPSTVPGTPPPKKFRSLFFGSILAPVRSPQGPSPVLAEDSEGEG 

8. SEQ ID NO:8 hRAD 9 cDNA (Accession No. U53174) 
1 gcgcgggaag ggaccccgga cccggaggtc gcggagagct gggcagtgtt ggccgctggc 

61 ggagcgctgg ggcagcatga agtgcctggt cacgggcggc aacgtgaagg tgctcggcaa 
121 ggccgtccac tccctgtccc gcatcgggga cgagctctac ctggaaccct tggaggacgg 
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1 8 1 gctctccctc cggacggtga actcctcccg ctctgcctat gcctgctttc tctttgcccc 
24 1 gctcttcttc cagcaatacc aggcagccac ccctggtcag gacctgctgc gctgtaagat 
301 cctgatgaag tctttcctgt ctgtcttccg ctcactggcg atgctggaga agacggtgga 
361 aaaatgctgc atctccctga atggccggag cagccgcctg gtggtccagc tgcattgcaa 
5 42 1 gttcggggtg cggaagactc acaacctgtc cttccaggac tgtgagtccc tgcaggccgt 

481 cttGgaccca gcctcgtgcc cccacatgct ccgcgcccca gcacgggttc tgggggaggc 
541 tgttctgccc ttctctcctg cactggctga agtgacgctg ggcattggcc gtggccgcag 
601 ggtcatcctg cgcagctacc acgaggagga ggcagacagc actgccaaag ccatggtgac 
661 tgagatgtgc cttggagagg aggatttcca gcagctgcag gcccaggaag gggtggccat 
10 72 1 cactttctgc ctcaaggaat tccgggggct cctgagcttt gcagagtcag caaacttgaa 

781 tcttagcatt cattttgatg ctccaggcag gcccgccatc ttcaccatca aggactcttt 
84 1 gctggacggc cactttgtct tggccacact ctcagacacc gactcgcact cccaggacct 
901 gggctcccca gagcgtcacc agccagtgcc tcagctccag gctcacagca caccccaccc 
96 1 ggacgacttt gccaatgacg acattgactc ttacatgatc gccatggaaa ccactatagg 
15 1021 caatgagggc tcgcgggtgc tgccctccat ttccctttca cctggccccc agccccccaa 

1 08 1 gagccccggt ccccactccg aggaggaaga tgaggctgag cccagtacag tgcctgggac 
1 141 tcccccaccc aagaagttcc gctcactgtt cttcggctcc atcctggccc ctgtacgctc 
1201 cccccagggc cccagccctg tgctggcgga agacagtgag ggtgaaggct gaaccaagaa 
1261 cctgaagcct gtacccagag gccttggact agacgaagcc ccagccagtg gcagaactgg 
20 1321 gtctctcagc cctggggatc agaaaggtgg gcttgctgga gctgagctgt ttcactgcct 

138 1 ctcgcaggcc ccagctggct gtcactgtaa agctgtccca cagcggtcgg gcctgggccg 
144 1 ttatctcccc acaaccccca gccaatcagg actttccaga cttggccctg aactactgac 
1 50 1 gttcctacct cttatttctc attgagcctc aggctatact ccagctggcc aaggctggaa 
1 56 1 acctgtctcc ctcaggctca ccttcctaag gaaaatgtca tagtaggtgc tgctggcccc 
25 1 62 1 tggtgatcca gcttctctgc caatcatgac ctgttccttc ctgaagtcct gggcatgcat 

1681 ctgggacccc cgtggagctg acaagttttc cttgctttcc tgatactctt tggcgctgac 
1741 ttggaattct aagagccttg gacccgagtg tgtggctagg gttgccctgg ctggggcccg 
1801 gtgccgagac tcccaagcgg ctctgtgcag aagagctgcc aggcagtgtc ttagatgtga 
1861 gacggaggcc atggcgagaa tccagctttg acctttattc aagagaccag atgggttgcc 
30 1921 ccaggatccg gctgccagcc ctgaggccaa gcacggctgg agacccacga cctggcctgc 

198 1 cgttgccctg agctgcagcc tcggccccag gatcctgctc acagtcaccg caggtgcagg 
2041 caggaagcag ccctggggga ctggacgctg ctattgattc attaaaaaaa gaaaagaaaa 
2101 at 

9. SEQ ID NO:9 part of AR siRNA 
35 GGGCCCCTGGATGGATAGCTAC 

1 0. SEQ ID NO : 1 0 Part of AR siRNA 
GTAGCTATCCATCCAGGGGCC 

11. SEQ ID NO:l 1 AR siRNA 
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GGGCCCCTGGATGGATAGCTACCTCGAGGTAGCTATCCATCCAGGGGCC 

12. SEQ ID NO:12 AR siRNA with poly T after U6 promoter 
TTTTTGGGCCCCTGGATGGATAGCTACCTCGAGGTAGCTATCCATCCAGGGGCC 

13. SEQ ID NO:13 TR2 pr tein (Accession No. M21985) 
5 MATIEEIAHQIIEQQMGEIVTEQQTGQKIQIVTALDHNTQGKQF 

ILTNHDGSTPSKVILARQDSTPGKVFLTTPDAAGVNQLFFTTPDLSAQHLQLLTDNSP 
DQGPNKVFDLCVVCGDKASGRHYGAVTCEGCKGFFKRSIRKNLVYSCRGSKDCTINKH 
HRNRCQYCRLQRCIAFGMKQDSVQCERKPIEVSREKSSNCAASTEKIYIRKDLRSPLT 
ATPTFVTDSESTRSTGLLDSGMFMNIHPSGVKTESAVLMTSDKAESCQGDLSTLANVV 
1 0 TSLANLGKTKDLSQNSNEMSMIESLSNDDTSLCEFQEMQTNGDVSRAFDTLAKALNPG 
ESTACQSSVAGMEGSVHLITGDSSINYTEKEGPLLSDSHVAFRLTMPSPMPEYLNVHY 
IGESASRLLFLSMHWALSIPSFQALGQENSISLVKAYWNELFTLGLAQCWQVMNVATI 
LATFVNCLHNSLQQDAKVIAALIHFTRRAITDL 

14. SEQ ID NO:14 TR4 protein (Accession No. P49116) 
1 5 1 mtspspriqi istdsavasp qriqivtdqq tgqkiqivta vdasgspkqq filtspdgag 

61 tgkvilaspe tssakqlift tsdnlvpgri qivtdsasve rllgktdvqr pqweycwc 
121 gdkasgrhyg avscegckgf fkrsvrknlt yscrsnqdci inkhhmrcq fcrlkkclem 
1 8 1 gmkmesvqse rkpfdvqrek psncaastek iyirkdlrsp liatptfVad kdgarqtgll 
241 dpgmlvniqq pliredgtvl latdskaets qgalgtlanv vtslanlses Inngdtseiq 

20 301 pedqsaseit rafdtlakal nttdssssps ladgidtsgg gsihvisrdq stpiievegp 

361 llsdthvtfk Itmpspmpey Irivhyicesa srllflsmhw arsipafqal gqdcntstvr 
421 acwnelftlg laqcaqvmsl stilaaivnh Iqnsiqedkl sgdrikqvme hiwklqefcn 
481 smakldidgy eyaylkaivl fspdhpglts tsqiekfqek aqmelqdyvq ktysedtyri 
541 arilvrlpal rlmssnitee Ifftglignv sidsiipyil kmetaeyngq itgasl 

25 15. SEQ ID NO:15 TR2 cDNA (Accession No. M21985) 

1 gaattcgggc ccgtcggctt tcttcaaccc tctcttcccg gagcgccccc aatccacgag 

61 tggcagccgc gggactgtcg cgtcggcgcc cgacgcggag tcagcagggg cgaaaagcgg 
121 tagatcatgg caaccataga agaaattgca catcaaatta ttgaacaaca gatgggagag 
1 81 attgttacag agcagcaaac tgggcagaaa atccagattg tgacagcact tgatcataat 

30 241 acccaaggcaagcagttcattctgacaaatcacgacggctctactccaagcaaagtcatt 

301 ctggccaggc aagattccac tccgggaaaa gttttcctta caactccaga tgcagcaggt 
361 gtcaaccagt tattttttac cactcctgat ctgtctgcac aacacctgca gctcctaaca 
42 1 gataattctc cagaccaagg accaaataag gtttttgatc tttgcgtagt atgtggagac 
481 aaagcatcag gacgtcatta tggagcagta acttgtgaag gctgcaaagg attttttaaa 

35 541 agaagcatcc gaaaaaattt agtatattca tgtcgaggat caaaggattg tartattaat 

601 aagcaccacc gaaaccgctg tcaatactgc aggttacaga gatgtattgc gtttggaatg 
661 aagcaagact ctgtccaatg tgaaagaaaa cccattgaag tatcacgaga aaaatcttcc 
721 aactgtgccg cttcaacaga aaaaatctat atccgaaagg accttcgtag cccattaact 
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781 gcaactccaa cttttgtaac agatagtgaa agtacaaggt caacaggact gttagattca 
84 1 ggaatgttca tgaatattca tccatctgga gtaaaaactg agtcagctgt gctgatgaca 
901 tcagataagg ctgaatcatg tcagggagat ttaagtacat tggccaatgt ggttacatca 
96 1 ttagcgaatc ttggaaaaac taaagatctt tctcaaaata gtaatgaaat gtctatgatt 
5 1 02 1 gaaagcttaa gcaatgatga tacctctttg tgtgaatttc aagaaatgca gaccaacggt 

1081 gatgtttcaa gggcatttga cactcttgca aaagcattga atcctggaga gagcacagcc 
1141 tgccagagct cagtagcggg catggaagga agtgtacacc taatcactgg agattcaagc 
1201 ataaattaca ccgaaaaaga ggggccactt ctcagcgatt cacatgtagc tttcaggctc 
1261 accatgcctt ctcctatgcc tgagtacctg aatgtgcact acattgggga gtctgcctcc 

10 1 32 1 agactgctgt tcttatcaat gcactgggca ctttcgattc cttctttcca ggctctaggg 

1381 caagaaaaca gcatatcact ggtgaaagct tactggaatg aactttttac tcttggtctt 
1441 gcccagtgct ggcaagtgat gaatgtagca actatattag caacatttgt caattgtctt 
1501 cacaatagtc ttcaacaaga tgccaaggta attgcagccc tcattcattt cacaagacga 
1 56 1 gcaatcactg atttataaat gcttaactat agaatggctt atgactaccc aaaacagtgc 

15 1 62 1 cccatcaaca aatggggaaa attgcctttt gagctcagga ataatttata aattggggac 

1681 taccttttag ttctttagca tattctattt cttattgttt tatataattt ttaaatcatt 
1741 tgcttcctcc ttatgtttaa cagcagaggg gtaatcacct taaaatgtca tcaaaaatag 
1801 atctactaga aggcagcatc acattcccat cttacttatg gactcctacc cctggttcat 
1 861 gtcttatatg cctgtaatgg ttataaagcc taccttcagg aaagctatgg ttgactaatt 

20 1 92 1 actaatggat gggttttaaa catgtccctc tacaataaat taaaatcttt caatgtttga 

1981 atataatgtg gaggtgttta cctgagggcc tctctatctc cccgaattc 

16. SEQID NO:16 TR4 cDNA (Accession No. P491 16) 
1 gagttgtgcc tggagtgatg tttaagccaa tgtcagggca aggcaacagt ccctggccgt 

61 cctccagcac ctttgtaatg catatgagct cgggagacca gtacttaaag ttggaggccc 

25 121 gggagcccag gagctggcgg agggcgttcg tcctgggagc tgcacttgct ccgtcgggtc 

181 gccggcttca ccggaccgca ggctcccggg gcagggccgg ggccagagct cgcgtgtcgg 
241 cgggacatgc gctgcgtcgc ctctaacctc gggctgtgct ctttttccag gtggcccgcc 
301 ggtttctgag ccttctgccc tgcggggaca cggtctgcac cctgcccgcg gccacggacc 
361 atgaccatga ccctccacac caaagcatct gggatggccc tactgcatca gatccaaggg 

30 42 1 aacgagctgg agcccctgaa ccgtccgcag ctcaagatcc ccctggagcg gcccctgggc 

48 1 gaggtgtacc tggacagcag caagcccgcc gtgtacaact accccgaggg cgccgcctac 
54 1 gagttcaacg ccgcggccgc cgccaacgcg caggtctacg gtcagaccgg cctcccctac 
60 1 ggccccgggt ctgaggctgc ggcgttcggc tccaacggcc tggggggttt ccccccactc 
66 1 aacagcgtgt ctccgagccc gctgatgcta ctgcacccgc cgccgcagct gtcgcctttc 

35 72 1 ctgcagcccc acggccagca ggtgccctac tacctggaga acgagcccag cggctacacg 

78 1 gtgcgcgagg ccggcccgcc ggcattctac aggccaaatt cagataatcg acgccagggt 
84 1 ggcagagaaa gattggccag taccaatgac aagggaagta tggctatgga atctgccaag 
901 gagactcgct actgtgcagt gtgcaatgac tatgcttcag gctaccatta tggagtctgg 
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961 tcctgtgagg gctgcaaggc cttcttcaag agaagtattc aaggacataa cgactatatg 
1021 tgtccagcca ccaaccagtg caccattgat aaaaacagga ggaagagctg ccaggcctgc 
1 08 1 cggctccgca aatgctacga agtgggaatg atgaaaggtg ggatacgaaa agaccgaaga 
1 141 ggagggagaa tgttgaaaca caagcgccag agagatgatg gggagggcag gggtgaagtg 
5 1 20 1 gggtctgctg gagacatgag agctgccaac ctttggccaa gcccgctcat gatcaaacgc 

1 26 1 tctaagaaga acagcctggc cttgtccctg acggccgacc agatggtcag tgccttgttg 
1321 gatgctgagc cccccatact ctattccgag tatgatccta ccagaccctt cagtgaagct 
1381 tcgatgatgg gcttactgac caacctggca gacagggagc tggttcacat gatcaactgg 
1441 gcgaagaggg tgccaggctt tgtggatttg accctccatg atcaggtcca ccttctagaa 

10 1501 tgtgcctggc tagagatcct gatgattggt ctegtctggc gctccatgga gcacccagtg 

1561 aagctactgt ttgctcctaa cttgctcttg gacaggaacc agggaaaatg tgtagagggc 
1 62 1 atggtggaga tcttcgacat gctgctggct acatcatctc ggttccgcat gatgaatctg 
1 68 1 cagggagagg agtttgtgtg cctcaaatct attattttgc ttaattctgg agtgtacaca 
1 74 1 tttctgtcca gcaccctgaa gtctctggaa gagaaggacc atatccaccg agtcctggac 

15 1 80 1 aagatcacag acactttgat ccacctgatg gccaaggcag gcctgaccct gcagcagcag 

1 86 1 caccagcggc tggcccagct cctcctcatc ctctcccaca tcaggcacat gagtaacaaa 
1921 ggcatggagc atctgtacag catgaagtgc aagaacgtgg tgcccctcta tgacctgctg 
1981 ctggagatgc tggacgccca ccgcctacat gcgcccacta gccgtggagg ggcatccgtg 
204 1 gaggagacgg accaaagcca cttggccact gcgggctcta cttcatcgca ttccttgcaa 

20 2101 aagtattaca tcacggggga ggcagagggt ttccctgcca cagtctgaga gctccctggc 
2161 tcccacacgg ttcagataat ccctgctgca ttttaccctc atcatgcacc actttagcca 
222 1 aattctgtct cctgcataca ctccggcatg catccaacac caatggcttt ctagatgagt 
2281 ggccattcat ttgcttgctc agttcttagt ggcacatctt ctgtcttctg ttgggaacag 
2341 ccaaagggat tccaaggcta aatctttgta acagctctct ttcccccttg ctatgttact 

25 240 1 aagcgtgagg attcccgtag ctcttcacag ctgaactcag tctatgggtt ggggctcaga 

2461 taactctgtg catttaagct acttgtagag acccaggcct ggagagtaga cattttgcct 
2521 ctgataagca ctttttaaat ggctctaaga ataagccaca gcaaagaatt taaagtggct 
258 1 cctttaattg gtgacttgga gaaagctagg tcaagggttt attatagcac cctcttgtat 
264 1 tcctatggca atgcatcctt ttatgaaagt ggtacacctt aaagctttta tatgactgta 

30 270 1 gcagagtatc tggtgattgt caattcactt ccccctatag gaatacaagg ggccacacag 
2761 ggaaggcaga tcccctagtt ggccaagact tattttaact tgatacactg cagattcaga 
282 1 gtgtcctgaa gctctgcctc tggctttccg gtcatgggtt ccagttaatt catgcctccc 
2881 atggacctat ggagagcaac aagttgatct tagttaagtc tccctatatg agggataagt 
2941 tcctgatttt tgtttttatt tttgtgttac aaaagaaagc cctccctccc tgaacttgca 

35 3001 gtaaggtcag cttcaggacc tgttccagtg ggcactgtac ttggatcttc ccggcgtgtg 

3061 tgtgccttac acaggggtga actgttcact gtggtgatgc atgatgaggg taaatggtag 
3121 ttgaaaggag caggggccct ggtgttgcat ttagccctgg ggcatggagc tgaacagtac 
3181 ttgtgcagga ttgttgtggc tactagagaa caagagggaa agtagggcag aaactggata 
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cagttctgag cacagccaga cttgctcagg tggccctgca caggctgcag ctacctagga 
acattccttg cagaccccgc attgcctttg ggggtgccct gggatccctg gggtagtcca 
gctcttattc atttcccagc gtggccctgg ttggaagaag cagctgtcaa gttgtagaca 
gctgtgttcc tacaattggc ccagcaccct ggggcacggg agaagggtgg ggaccgttgc 
tgtcactact caggctgact ggggcctggt cagattacgt atgcccttgg tggtttagag 
ataatccaaa atcagggttt ggtttgggga agaaaatcct cccccttcct cccccgcccc 
gttccctacc gcctccactc ctgccagctc atttccttca atttcctttg acctataggc 
taaaaaagaa aggctcattc cagccacagg gcagccttcc ctgggccttt gcttctctag 
cacaattatg ggttacttcc tttttcttaa caaaaaagaa tgtttgattt cctctgggtg 
accttattgt ctgtaattga aaccctattg agaggtgatg tctgtgttag ccaatgaccc 
aggtagctgc tcgggcttct cttggtatgt cttgtttgga aaagtggatt tcattcattt 
ctgattgtcc agttaagtga tcaccaaagg actgagaatc tgggagggca aaaaaaaaaa 
aaaaagtttt tatgtgcact taaatttggg gacaatttta tgtatctgtg ttaaggatat 
gcttaagaac ataattcttt tgttgctgtt tgtttaagaa gcaccttagt ttgtttaaga 
agcaccttat atagtataat atatattttt ttgaaattac attgcttgtt tatcagacaa 
ttgaatgtag taattctgtt ctggatttaa tttgactggg ttaacatgca aaaaccaagg 
aaaaatattt agtttttttt tttttttttg tatacttttc aagctacctt gtcatgtata 
cagtcattta tgcctaaagc ctggtgatta ttcatnaaa tgaagatcac atttcatatc 
aacttttgta tccacagtag acaaaatagc actaatccag atgcctattg ttggatattg , 
aatgacagac aatcttatgt agcaaagatt atgcctgaaa aggaaaatta ttcagggcag 
ctaattttgc ttttaccaaa atatcagtag taatattttt ggacagtagc taatgggtca 
gtgggttctt tttaatgttt atacttagat tttcttttaa aaaaattaaa ataaaacaaa 
aaaaatttct aggactagac gatgtaatac cagctaaagc caaacaatta tacagtggaa 
ggttttacat tattcatcca atgtgtttct attcatgtta agatactact acatttgaag 
tgggcagaga acatcagatg attgaaatgt tcgcccaggg gtctccagca actttggaaa 
tctctttgta tttttacttg aagtgccact aatggacagc agatattttc tggctgatgt 
tggtattggg tgtaggaaca tgatttaaaa aaaaaactct tgcctctgct ttcccccact 
ctgaggcaag ttaaaatgta aaagatgtga tttatctggg gggctcaggt atggtgggga 
agtggattca ggaatctggg gaatggcaaa tatattaaga agagtattga aagtatttgg 
aggaaaatgg ttaattctgg gtgtgcacca aggttcagta gagtccactt ctgccctgga 
gaccacaaat caactagctc catttacagc catttctaaa atggcagctt cagttctaga 
gaagaaagaa caacatcagc agtaaagtcc atggaatagc tagtggtctg tgtttctttt 
cgccattgcc tagcttgccg taatgattct ataatgccat catgcagcaa ttatgagagg 
ctaggtcatc caaagagaag accctatcaa tgtaggttgc aaaatctaac ccctaaggaa 
gtgcagtctt tgatttgatt tccctagtaa ccttgcagat atgtttaacc aagccatagc 
ccatgccttt tgagggctga acaaataagg gacttactga taatttactt ttgatcacat 
taaggtgttc tcaccttgaa atcttataca ctgaaatggc cattgattta ggccactggc 
ttagagtact ccttcccctg catgacactg attacaaata ctttcctatt catactttcc 
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552 1 aattatgaga tggactgtgg gtactgggag tgatcactaa caccatagta atgtctaata 

558 1 ttcacaggca gatctgcttg gggaagctag ttatgtgaaa ggcaaataaa gtcatacagt 

5641 agctcaaaag gcaaccataa ttctctttgg tgcaagtctt gggagcgtga tctagattac 

5701 actgcaccat tcccaagtta atcccctgaa aacttactct caactggagc aaatgaactt 
5 5761 tggtcccaaa tatccatctt ttcagtagcg ttaattatgc tctgtttcca actgcatttc 

5821 ctttccaatt gaattaaagt gtggcctcgt ttttagtcat ttaaaattgt tttctaagta 

5881 attgctgcct ctattatggc acttcaattt tgcactgtct tttgagattc aagaaaaatt 

5941 tctattcatt tttttgcatc caattgtgcc tgaactttta aaatatgtaa atgctgccat 

6001 gttccaaacc catcgtcagt gtgtgtgttt agagctgtgc accctagaaa caacatactt 
1 0 606 1 gtcccatgag caggtgcctg agacacagac ccctttgcat tcacagagag gtcattggtt 

6121 atagagactt gaattaataa gtgacattat gccagtttct gttctctcac aggtgataaa 

6181 caatgctttt tgtgcactac atactcttca gtgtagagct cttgttttat gggaaaaggc 

6241 tcaaatgcca aattgtgttt gatggattaa tatgcccttt tgccgatgca tactattact 

6301 gatgtgactc ggttttgtcg cagctttgct ttgtttaatg aaacacactt gtaaacctct 
15 636 1 tttgcacttt gaaaaagaat ccagcgggat gctcgagcac ctgtaaacaa ttttctcaac 

6421 ctatttgatg ttcaaataaa gaattaaact 

17. SEQ ID NO:17 Specific primers for liRAD9, (forward) 
5'-CGCTGTAAGATCCTGATGAAGTC-3' 

18. SEQ ID NO:18 Specific primers for liRAD9, (Reverse) 
20 5'-tgcctcctcctcgtggtag-3' 

19. SEQ ID NO: 19 18s rRNA primers, (forward) 
5'-tgccttccttggatgtggtag-3 ' 

20. SEQ ID NO: 20 18s rRNA primers, (reverse) 
5'-cgtctgccctatcaactttcg-3' 

25 

21. SEQ ID NO: 21 Androgen Receptor mutant R614H (AA substitution of R to H at 
position 608 



1 tnevqlglgrv yprppsktyr gafqnlfqsv reviqnpgpr hpeaasaapp gasllllqqq 

30 61 qqqqqqqqqq qqqqqqqqqq etsprqqqqq qgedgspqah rrgptgylvl deeqqpsqpq 

121 salechperg cvpepgaava askglpqqlp appdeddsaa pstlsllgpt fpglsscsad 

181 Ikdilseast: mqllqqqqqe avsegsssgr areasgapts skdnylggts tisdnakelc 

241 kavsvsmglg vealehlspg eqlrgdcmya pllgvppavr ptpcaplaec kgsllddsag 

301 kstiedtaeys pfkggytkgl egeslgcsgs aaagssgtle Ipst.lslyks galdeaaayq 

35 361 srdyynfpla lagppppppp phpharikle npldygsawa aaaaqcrygd laslhgagaa 

421 gpgsgspsaa assswhtlft aeegqlygpc gggggggggg gggggggggg gggeagavap 

481 ygytrppqgl agqesdftap dvwypggmvs rvpypsptcv kseingpwmds ysgpygdmrl 

541 etardhvlpi dyyfppqktc licgdeasgc hygaltcgsc kvffkraaeg kqkylcasrn 

601 dctidkfhrk ncpscrlrkc yeagmtlgar klkklgnlkl qeegeasstt spteettqkl 

40 661 tvshiegyec qpiflnvlea iepgwcagh dnnc[pds£aa llsslnelge rqlvhwkwa 

721 kalpgfrnlh vddqmavigy swmglmvfam gwrsftnvns rmlyfapdlv fneyrmhksr 

781 mysqcvrmrh Isgefgwlql tpqeflctnka lllfsiipvd glknqkffde Irmnyikeld 

841 riiackrknp tscsrrfyql tklldsvqpi arelhqftfd llikshmvsv dfpemmaeii 

901 svqvpkilsg kvkpiyfhtq 

45 

22. SEQ ID NO:22 Small hRad9 peptide 
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PKKFRSLFFGSI 

23. SEQ ID NO:23 Small FXXLL peptide 

HPTHSSRLWELLMEATPTM 
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What is claimed is: 



VI. CLAIMS 



What is claimed is: 

5 1 . A method of screening a subject for breast cancer comprising: a) obtaining a tissue 

sample, and b) assaying for the presence of androgen receptor, wherein the presence of 
androgen receptor indicates an increased risk of or presence of breast cancer. 

2. The method of claim 1, wherein the screening is in a cell. 

3. The method of claim 1 , wherein the subject is a mouse. 
10 4. The method of claim 1 , wherein the subject is a human. 

5. The method of claim 1, wherein the subject is male. 

6. A method of screening a subject for breast cancer comprising: a) obtaining a tissue 

sample, and b) assaying for the presence of androgen receptor mRNA, wherein the 
presence of androgen receptor indicates an increased risk of or presence of breast cancer. 

15 7. The method of claim 6, wherein the screening is in a cell. 

8. The method of claim 6, wherein the subject is a mouse. 

9. The method of claim 6, wherein the subject is a human. 

10. The method of claim 6, wherein the subject is male. 

1 1 . A method of treating cancer comprising administering to a subject an androgen receptor 
20 inhibitor. 

12. The method of claim 11, wherein the androgen receptor inhibitor reduces nuclear 
translocation of androgen receptor. 

13. The method of claim 12, wherein the androgen receptor inhibitor comprises ARA67, or 
fragment thereof. 

25 14. The method of claim 1 1 , wherein the androgen receptor inhibitor phosphorylates 

androgen receptor. 

15. The method of claim 14, wherein the androgen receptor inhibitor comprises GSK2B or 

fragment thereof. 

16. The method of claim 11, wherein the androgen receptor inhibitor reduces an interaction 
30 between the N-terminus and C terminus of androgen receptor. 

17. The method of claim 16, wherein the androgen receptor inhibitor comprises hRad9 or 
fragment thereof. 

1 8. The method of claim 1 1 , wherein the androgen receptor inhibitor is ARA67, GSK2B, or 
hRad9, or fragment thereof. 

35 19. The method of claim 1 1, wherein the androgen receptor inhibitor interacts with androgen 

receptor mRNA. 

20. The method of claim 19, wherein the androgen receptor inhibitor comprises a functional 

nucleic acid. 

21 . The method of claim 20, wherein the androgen receptor inhibitor comprises an siRNA. 
40 22. The method of claim 2 1 , wherein the siRNA comprises SEQ ID NO: 1 1 . 
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23. The method of claim 1 1 , wherein the cancer is breast cancer. 

24. The method of claim 1 1 , wherein the subject is a male. 

25. A method of screening a composition for the ability to modulate AR activity comprising 
administering the compound to a system, wherein the system comprises AR and ARA67, 
GSK2B, or hRad9, and determining if the compound reduces the interaction between AR 
and ARA67, GSK2B, or hRad9. 

26. A method of screening a composition for the ability to modulate AR activity comprising 
administering the compound to a system, wherein the system comprises AR and 
determining if the compound decreases the amount of nuclear AR. 

27. A method of screening a composition for the ability to modulate AR activity comprising 

administering the compound to a system, wherein the system comprises AR and 
determining if the compound decreases the amount of phoshorylated AR. 

28. A method of screening a composition for the ability to modulate AR activity comprising 
administering the compound to a system, wherein the system comprises AR and 
determining if the compound decreases the amount of N-terminus Ar interacting with the 

C-terminus of AR. 

29. The method of claim 28, wherein the system is a breast cancer cell or cell line. 

30. The method of claim 29, wherein the breast cancer cell line is MCF-7, 7R-75-1, or T47- 
D. 

3 1 . A composition for inhibiting androgen receptor activity comprising a protein, peptide, 
antibody, or functional nucleic acid, wherein the composition reduces AR translocation 
to the nucleus, wherein the composition is not SEQ ID NO: 1 . 

32. The composition of claim 31, wherein the composition comprises a fragment of ARA67, 
wherein the fragment binds androgen receptor. 

33. A composition for inhibiting androgen receptor activity comprising a protein, peptide, 
antibody, or functional nucleic acid, wherein the composition reduces the interaction 
between the AR N-terminus and the AR C-terminus, wherein the composition is not SEQ 
IDNO:7. 

34. The composition of claim 33, wherein the composition comprises a firagment of hRad9, 
wherein the fragment binds androgen receptor. 

35. A composition for inhibiting androgen receptor activity comprising a functional nucleic 
acid, wherein the functional nucleic acid interacts with the mRNA of AR. 

36. The composition of claim 35, wherein the cornposition comprises an siRNA. 

37. The composition of claim 36, wherein the siRNA comprises SEQ ID NO: 1 1 . 

38. A composition for inhibiting androgen receptor activity comprising an antibody or a 
functional nucleic acid, wherein the composition reduces AR translocation to the 
nucleus, and wherein the composition competes with ARA67 for binding to androgen 
receptor, wherein the composition is not SEQ ID NO: 1 . 

39. A composition for inhibiting androgen receptor activity comprising an antibody or a 
functional nucleic acid, wherein the composition reduces AR translocation to the 
nucleus, and wherein the composition competes with hRad9 for binding to androgen 
receptor, wherein the composition is not SEQ ID NO:7. 

40. A composition for inhibiting androgen receptor activity comprising an antibody or a 
functional nucleic acid, wherein the composition reduces AR translocation to the 
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nucleus, and wherein the composition competes with GSK2B for binding to androgen 
receptor wherein the composition is not SEQ ID NO:5. 

41. A composition for inhibiting androgen receptor activity comprising an antibody or a 
functional nucleic acid, wherein the composition reduces AR translocation to the 

5 nucleus, and wherein the composition binds androgen receptor as ARA67 binds androgen 

receptor, wherein the composition is not SEQ ID NO: 1 . 

42. A composition for inhibiting androgen receptor activity comprising an antibody or a 
functional nucleic acid, wherein the composition reduces AR translocation to the 
nucleus, and wherein the composition binds androgen receptor as hRad9 binds androgen 

10 receptor wherein the composition is not SEQ ID NO:7. 

43. A composition for inhibiting androgen receptor activity comprising ein antibody or a 
fiinctional nucleic acid, wherein the composition reduces AR translocation to the 
nucleus, and wherein the composition binds androgen receptor as binds androgen 
receptor wherein the composition is not SEQ ID NO:5. 

15 44. The composition of claims 38-43, wherein the composition is an antibody. 

45. The composition of claim 44, wherein the antibody is a monoclonal antibody. 

46. The composition of claim 44, wherein the antibody is a polyclonal antibody. 

47. The composition of claims 38-43, wherein the composition is a functional nucleic acid. 

48. The composition of claim 47, wherein the fiinctional nucleic acid is an aptamer. 

20 49. A compound produced by the method of screening a compound for the ability to 

modulate AR activity comprising administering the compound to a system, wherein the 
system comprises AR and ARA67, GSK2B, or hRad9, and determining if the compound 
reduces the interaction between AR and ARA67, GSK2B, or hRad9 and making the 
compound. 

25 50. A compound produced by the method of screening a compound for the ability to 

modulate AR activity comprising administering the compound to a system, wherein the 
system comprises AR and determining if the compound decreases the amount of nuclear 
AR and making the compound. 

51 . A compound produced by the method of screening a compound for the ability to 

30 modulate AR activity comprising administering the compound to a system, wherein the 

system comprises AR and determining if the compound decreases the amount of 
phoshorylated AR and making the compound. 

52. A compound produced by the method of screening a compound for the ability to 

modulate AR activity comprising administering the compound to a system, wherein the 
35 system comprises AR and determining if the compound decreases the amount of N- 

terminus Ar interacting with the C-terminus of AR and making the compound. 
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VII. ABSTRACT OF THE DISCLOSURE 

568. Disclosed are compositions and methods for modulating AR activity, such as 
non-androgen dependent AR activity. Also disclosed are compositions and methods for 
diagnosing beast cancer and for inhibiting breast cancer growth, hi addition, disclosed are 
5 methods for identifying molecules that inihibit AR in non-androgen depenedent ways. 
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pSos + pMvr-ARA67/PATl 
pSos-ARN + pMyr-ARA67/PATl 
pSos-TR2 + pMyr-ARA67/PATl 
pSos-TR4 + pMyr-ARA67/PATl 
pSos-ARA55 + pMyr-ARA67/PATl 
pSos-ARATO + pMyr-ARA67/PATl 
pSos-MAFB + pMvr-ARA67/PATl 
pSos-CoU + pMyr-ARA67/PATl 



" pMyr-ARA67/PATl was cotransformed with several other pSos fusion pro- 
tein constructs. As shown, only ARN interacted with ARA67/PAT1, allowing the 
yeast host to grow at the stringent temperature of 37°C, while the other proteins 
tested could not. 



Table 3 




FIG. 1 




FIG. 2 




FIG 



B 



{1)AR Protein | 

(2) AR Locus — i — 
i 

(3) Targeting Vector I poem 

X 

(4) Targeted Locus — ' — 



NllAI?-!) IdBdI LBDH 



Xbal Digestion 

+/- +/+ -/- 



J rExonll. 



9.0 kb -iti^'tm' i 



S X 

neolh- 



5.0 kb - 
3.0 kb- 



■1 — -fneoil- 



Probe 

X, Xbal; S, Smiil: B. BunHI: A. Aull 



10% Normal serum 




10% CDS serum±E2 

— □ — AR+/+, E2 
• AR -/-, E2 
— □ — AR +/+, e 
— •— AR e 




9 (Day) 



9 (Day) 



Actio 



+/+ +/- 



I 12 ' 

| '3 2- 



1000 

^ 800 
u 

i 600 

3 

^ 400 



LI. 


+/- 


-/- 

, 1 — 


e DHT 


e DHT 


e DHT 



■3 200- 
U 

0 



OAR +/+ 
UAR -/- 



EtOH 



E2 



HRG-a 



FIG. 4 



AR -/- 




IGF-I 



FIG. 5 



A B 




Mammary Proliferation ^ 



FIG. 6 





FIG. 7 



A. 



7.5Kb >. 
4.4kb >- 

2.5Kb >- 



•J 



i 





P-actin 





FIG. 8 



A. 



pM 
pVP16 
PM-ARA67/PAT1 
PVP16-ARN 




ARFL 



ARN 



, GST-ARA67 
GST only jp^j^ 



AR-DBD 



AR-LBD 



JSr ^ GST-ARA67 
^ .^^ GST only /RATI 



Flag-AR + t + + 

HA-ARA67/PAT1 . . + + 

DHTIOnM - + - + 

1 2 3,4 



WB:AR 
WB: HA 

WB: AR 
WB: HA 



FIG. 9 



MMTV-Luc 

JL 



r 



H1299 




ARE4-LUC 



0' 

AR(IOOng) + + 
ARA67/PAT1(ng) . - 



1 -DHT 
I+DHT 



B. 




300 



500 



700 



AR(100 ng) * 
ARA70N(300 ng) - 
ARA67/PAT1(ng) - 



+ + 
300 



500 



700 



H1299 



HA-ARA67/PAT1 
DHT 10 nM 



+ 

2 3 



WB:AR 
WB:HA 



WB:PSA J 
WB:actin >>[ 



2 



ARA67/PAT1 
DHT 10 nM 
Dex 10 nM 
EjlOnM 




HArARA67/PAT1 + + 

scr-siRNA + 
siRNA-H - + 

I J 2_ 

WB:HA) 



WB:GFP) 
WB:KLC ] 



WB:3-actin ► »*!#9!t: w '-' - f- 



>. 


12 


"5 




acti 


10 


-ase 


8 


•£ 

■o 


6 


> 


4 


7a 


2 


<D 

a 


0 



MMTV-Luc 



Control 



MCF-7 



SiRNA-H 



O -DHT 
s+DHT 



FIG. 10 



B. 



GST-ARA67/PAT1 



^sT5 — C 



ARA67/PAT1 





D. 



■5 'lo- 
ts 

0) 



« 201- 

2 



MMTV-lUC 



O 10-1 

<u 

5 5-1 

_cg 
<l> 

q: 

0 



DHT 10 nM 



ILiJi i 



HI 299 



ARA67/PAT1 




ARA67/PAT1 fragment constructs 

1 



280 



281 
I — 



281 



585 



550 



_a2 



585 



FIG. 11 



A. 




Gal4-ARDL + + ++ ++ + + 

VP16 ++ -- -- -- 

VP16-ARN - - ++ ++ + + 

ARA67/PAT1 -- - - ++ - - 

SRC-1 + + 



B. 



HA-ARA67/PAT1 
DHT 10 nM 

WB:AR ► 

WB-.HA ^ 

WB:p-actin ^ 



+ 

3 



+ 
+ 



FIG. 12 




Vector 



ARA67/PAT1 



FIG. 13 



transfection 

ARA67/PAT1 AR Dapi ARA67/PAT1 AR AR+Dapi 




FIG. 14 




c 

H/WVRA67/RAT1, 
DHT 

NE 
CE 



TE 



- + - 

1 2 3 


+ 

4 









Car 
C p-actin 

CAR 
(P-actin 

CAR 
CHA 
C p-actin 



FIG. 14 (cont.) 




FIG. 15 




40 • 



GR 
1 nM Dex 
WT-GSK3P 



M MTV-Luc 



MMTV-Luc 



35 ■ 
30 - 
25 ■ 
20 
15 ■ 
10 ■ 
5 ^ 
0- 



1 
+ 



6^ 

XK 
X < 
>< < 
X < 
X < 
X < 

4kl 



30 



3 4 

+ + 

+ + 

3 6 



25 
20 - 
15 - 
10 

5 -I 

0 



COS-1 



C3J 



PC-3 



AR 



1 2 3 
+ + + 



4 5 6 
+ + + 



□ -LiCI 

f~] 25 mM LiCI 

■ 50 mM LiCI 



FIG. 16 



MMTV-Luc 



10 nM DHT 
WT-GSK3P()ig) 
25 mM LiCI 




B 



S 5 



■S 4 
< 



3 - 



1 



LNCaP 



PSA-Luc 



10 nM DHT 
WT-GSK3p(ng) 



2 3 4 5 6 7 8 
+ - + - + - + 

0.2 0.2 0.6 0.6 1.2 1.2 



Northern Blot 



PSA 



28 S 
10 nM DHT 
GSK3P 



FIG. 17 



A Autoradiogram 



AF-1 

^1 ^ 556 623 



918 



AR I N-TERMINAL DBD LBD 



560 



GST-ARN IGSII AR-n" 
GST-AR-DL 
His-AR-LBD 



GST-ARN 
N.S. ■ 



CO 
C3 



< 



CO 



< 



o 



551 918 

GSIlAR-DBD-LBDl 



AR 



His-tag 



Q 
CO 



o: 
< 



I 
4 




GST-AR-DL 
■ His-AR-LBD 



B One hybrid system 



( GAL4-DBD\ 
V AR-N J 




^ 




GAL4 




TATA 




LUC gene 










□ GAL4-DBD 

■ GAL4-DBD-AR-N 



FIG. 18 



A GST pull-down Assay 



20% 
Input 



GST GST-GSK3P 



DHT 
AR 



B Co-IP of GSKSp and AR in COS-1 



IP 



WB: NH27 (AR) 
WB: HA (GSK3P) 




IgH 



C Co-IP of endogenous AR and GSK3p in LNCaP 



IP 



O 1^ 



WB:NH27 (AR) 



WB: GSKSfi 




FIG. 19 



CWR22-pBig 



CWR22-S9A-GSK3P 




c-myc-S9A-GSK3B 
endogenous GSK3f} 



Dox 





FIG. 20 



A 

AR p»!|- rrnrn^ m§ 



a-actin 




GSK3P . _ + + 



pG5-Luc 




1 2 3 4 5 6 7 
DHT + + 



+ + + + + 



VP16-AR 

Gal4-ARA70 
(176-401) + + + + + 

GSK3P + + 



FIG. 21 



Growth factors cytokines G-protein 

C - ■ " ■ • "eoupled receptors " ■ 




Cytoplasm 



t 

Proliferation 
Survival 



FIG. 22 



AR 

GAL4DBD DBD 



AR-LBD 



AR-DL 



PCNA-LIHe PCNA-Uko C-lermlnal 

Domain 1 Oomain 2 Domain 

I 270 391 



hRad9 \\\ I 



GAL4AD-f-hRad9 



Gal4-AD 327 



391 
] 



359 367 
KKERSLEFG 



GAL4DBD-AR-DL . 
+ f-hRad9 



GAL4DBD-AR-DL 
+ ARA76 



GAL4DBD-AR-DL 
+ GAL4AD 




0 500 1000 

p-galactosidase unit 




FIG. 23 



Northern blot 



hRad9 




, 3.5 Kb 
■ 2.2 kb 



1 2 3 4 5 5 7 8 



p-actin ■■m/i 



Western Blot 



hRad9 




IB: hRadQ 



c 

realtime-PCR 




Q Naimal 
H Tumor 



9 9 116 119 



FIG. 24 



hRadS 



GAL4-f-hRad9 



270 391 

I "I 



GAL40BD 



GAL4-N-hRadg E 



GAL4-C-hRad9 



GAL4-f-hRacl9 1 
+VP16 



GAL4-f-hRad9 2 
+VP18-AR 



GAL4-ARA54C 3 
+VP16-AR 



GAL4-N-hRad9 4 
+VP16-AR 



GAL4-C-hRad9 5 
+VP16-AR 



327 391 



□ ElOH 

■ lOnMOHT 




to 20 30 40 50 

Relative Luciferase Activity (Fold) 



5 
4.5 

4 
3.5 

3 
2.5 

2 
1.5 

1 

0.5 
0 



a - DHT T 
■ f DHT ■ 
□ +DHT H 

I 

n rl rl 



I 



GAL4-FL-hRad9 GAL4 + GAL4-FL-hRadg GAL4-FL-hRad9 
+VP16 VP1B-AR +VP16-AR +VPia-AR 



IP; 

DHT 
AR 

Flag-hRad9 
IB: Flag 
IgG-*- 
iB:AR [ 



Rag-hRad9 
AR 



FIG. 25 



IB: hRadS 




IgG 



GAL4-AR- 
DBD-LBD ' 




1 2 ■) Yeast two-hybrid assay □ _ dhT 



+ DHT 




i 2 3 4 5 6 

VP16 f-hRad9 VPIB 'f-hRad9 VP16 WiRadB 



GAL4-AR 
-DBD-LBD 



GAL4-AR-IBD GAb^AR-DBD 



B 



Q5T-hRad9 



391 



AR-DBD 
AR-LBD 
AR-DBD-LBD 



556 



486 esi 




552 



AR 



n r 



GST pulldovAm. 



Q 
OD 

_l 

a Q Q 

CD m D3 
Q Ij Q 



Q Q 
oa CD 
Z Q -1 



03 

I 

Q 
CQ 
O 



AR 



Q 
03 

a 



Q 
CD 



m 

_i 

Q 
03 
Q 



DHT 



- + - + 



JL 



INPUT 



GST 



GST-hRad9 



FIG. 26 



Mammalian two-hybrid 



t 35 



I 25 



pM-f-hRad9 
VP16 




I 

u 
IK 



Mammalian two-hybrid j-j _ 

■ + DHT 




rm ri 



pCMX-Gal4- Vec Full-length AXXLF FXXAA 
WT-hRad9 hRacl9 hRAd9 

pCMX-VP16-AR 



hRad9 
030 



GAL4DB0 

— PKKFRSLEEGSI 



-HPTHSSRLWELLMEATPTM 



- 400 



FIG. 27 




GAL4 GAL4-D30 GAL4-hRad9 





70 


£ 


60 - 


>. 

\> 


50 - 


o 
< 




(TJ 


40 - 


_1 
0) 


30 - 


,> 




n 

oi 
C£ 


20 - 




10 . 




0 - 



DHT - + 

WT-hRad9 

FXXAA-hRadS 



3 4 5 6 
+ + + + 

50 250 500 

50 



1 2 3 4 5 



hRad9 



'f ^^^^^ rfV^ V ^ ^ttjj^^K 



p-actin 



Vec R1 R2 R3 R4 



MMTV-LUC 




1 2 3 

Vector 250 ng 500 ng 



R1 RNAi 



Vec hRad9 



DHT . + . + 



PSA 



p-actin 



1 a 0 

1 6 0 
1 4 0 
1 2 0 
1 00 
80 
6 0 
4 0 
2 0 



pG4-LUC 



ERE-LUC 



□ EtOH 



□ -E 2 
■ +E 2 





1 nM E2 



1 



2 3 
VP16-ERa VP16-ERa VP16-ERa 
tGAL4DB0 +GAL4-hRad9 +GAL4-D30 



ERa (50 ng) 
hRad9 (250 ng) 



5 0 



2 0 



1 0 



pG4-LUC 



rCYP24-LUC 



□ ElOH 




1 3 0 



dc 1 0 



VPia-VDR+ 
GAL4 



VP16-VDR+ VP16-VDR1- 
GAL4-nRad9 GAL4-RXRo 



VDR (50 ng) 
hRad9 (250 ng) 




□ +EtOH 



I +VD 



FIG. 29 



hRadS fragments 



AR(aa 556-919) 



> /~\ AR(aa 1 



-556) 



MMTV-LUC 




Vec N-hRad9 C-Rad9 GAL4-D30 




FIG. 30 




Enhancer 




/ 

DNA lesion 



Promoter 



DNA lesion 



Blocit AR transiently 
Checkpoint activation 
DNA repair 



Prostate cells recovery 



FIG. 31 



